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PROVEN ANSWER 
TO TOUGH SEPARATION 
PROBLEMS 


Beckman [Spinco CP 
Curtain Electrophoresis 


Results from research laboratories prove you can 
make even the most difficult separations with 


the Continuous-Flow Model CP. 


More than 200 CP instruments are now being 

used for such varied and significant 

separations as 
unknown antibiotics from a n.ixture; 
electrophoretically pure globulins; radioactive 
cystine; enzymes in connection with heart 
and cancer research; tryptic digests of 
papain; purification of catalase and various 
plant materials; amino acids; mucosal 
proteins; further fractionation of alpha-2 
globulins; proteins of vitreous humor; 
serum proteins; hydrolysates. 





These are actual—not theoretical—applications 
from the laboratories of CP users. 


With Spinco’s experience in continuous flow 
curtain electrophoresis, you would expect 
something new. And there is. Not a new CP, 





but one with major design modifications 
which makes it a far more serviceable, 
versatile instrument. 


If you face the problem of preparing pure fractions 
in volume, investigate the improved CP now. 
Please write to Spinco Division, 

Beckman Instruments, Inc., Stanford Industrial 
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Beckman: 
Spinco Division 


Beckman Instruments, Inc. 


Park, Palo Alto, California. Ask for folder CP-5L. 
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A completely packaged unit, the PGM-100 
Microwave Power Generator is designed to fill 
laboratory and industrial requirements for 
high-power breakdown of gaseous molecules 
and excitation of electrodeless light sources. 


Adjustable from 250 to 800 watts, this fixed- 
frequency, air-cooled generator supports dis- 
charges at higher pressures than previous units. 





One method of producing free radicals is by flowing gases through a high-frequency 
electric discharge. The radicals are pumped into the Dewar flask and frozen solid. 




















New design for free-radical production 


RAYTHEON'S 800-WATT POWER GENERATOR ON 
F.C.C.-ALLOCATED FREQUENCY, 2,450 Mc 


The unit’s high power suggests its use in pro- 
ducing greater yields of excited free radicals, as 
well as atoms at advanced levels of ionization. 


If you are now at work in atomic or molecular 
research, or in precision optical measurements, 
we will be glad to discuss your projects and 
your needs with you. For further information, 
simply fill out and mail in the coupon. 








SPECIFICATIONS: ———________ 


Power Output:..... ..... 800 watts (average); Standard 
JAN waveguide RG 104/U 

Frequency: ................ 2,450 Mc + 25 Mc 

Power Input:.............. 230/115V + 10%; 3 wire 60 


cycles; single phase, 20 amps. 
Power Adjustment:....250 to 800 watts 
Maximum VSWR.:. .....4/1 (Mismatched loads) 





—_—— 


Excellence 


in Electronics 
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Raytheon Manufacturing Company 

Commercial Equipment Division—Power Generator Dept. 
Waltham 54, Massachusetts 

Please send the following Power Generator material: 


0 Article reprint, “Frozen Free Radicals,” 
Scientific American, March, 1957 


(0 Complete specification sheet 


Name 





Address. 
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This unique combination of large capacity, higher speed and 
lower controlled temperature increases the value of centrifugal 
force as a basic research tool. 


HIGH ““G” HEADS: The 8-place 50 mi head delivers 40,000.x G; 
the 6-place 250 mi head, 26,000 x G. Adapters are available for 
use with smaller tubes. Additional heads and attachments are 
being developed. 


HIGH SPEEDS are obtained by a direct drive, special motor. 
Speeds are set by a stepless autotransformer control. 


TEMPERATURES BETWEEN —-20°C and + 40°C are kept 
constant within +1°C by a 1 HP refrigeration unit, an 
exclusive fin-coiled evaporator, and a new combination of 
plastic foam and fibre glass insulation. 


- USE THE COUPON to get all the facts about this all-new and 
better high-speed refrigerated centrifuge from International... 
Your Dependable Source for Centrifugal Force. 
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Thar’s Gold in Them Bills 


When a citizen has been wronged or thinks that he has been wronged by 
the Government, he may not, in certain cases, resort to the courts for re- 
dress; he must instead appeal to Congress, which ray pass a bill authorizing 
the Treasury to pay a specified amount or which may refer the matter to 
the Court of Claims for determination of the facts and a recommendation 
about what damages, if any, should be allowed to the plaintiff. 

A case in point—and it is one in which we have had a continuing interest 
because of the way it pits scientific evidence against commercial interests— 
is that of the battery additive AD-X2. This case originated when the Fed- 
eral Trade Commission and the Post Office Department asked the National 
Bureau of Standards to test the additive in 1952. The Bureau reported that 
AD-X2 had “no beneficial effect on the properties or performances of bat- 
teries,” and the Post Office promptly barred the use of the mails for the 
promotion of the product. This order was suspended a few days later at 
the request of Senator Thye, chairman of the Senate Small Business Com- 
mittee; on 24 March 1953, the Assistant Secretary of Commerce asked for 
the resignation of Allen V. Astin, director of the Bureau of Standards; 
Astin’s resignation was accepted on 31 March. Thanks to vigorous reaction 
by scientists and the press, Secretary of Commerce Weeks reversed the 
decision and on 17 April asked Astin to serve till late summer or early fall; 
on 21 August he announced that Astin would be kept on as permanent 
director of the Bureau. 

Despite the fact that the Bureau’s findings were approved by a committee 
of the National Academy of Sciences that was especially appointed to ap- 
praise them, the Federal Trade Commission, acting on the basis of the 
testimony of users, dismissed the charges of false advertising against the 
manufacturer of AD-X2, Pioneers, Inc., of Oakland, California. 

This put the company back in business but left it with a grievance. Ac- 
cordingly, Representative John J. Allen, Jr., of California, introduced a 
bill (H.R. 3875) “for the relief of Pioneers, Incorporated, and Jess M. 
Ritchie, individually.” The bill left the amount of damages unspecified, but 
by virtue of a resolution introduced by Allen (H. Res. 167) it was referred 
to the Court of Claims with the request that the court should make “such 
findings of fact and conclusions thereon as shall be sufficient to inform 
the Congress of the nature and character of the demand . . . and the 
amount, if any, legally or equitably due from the United States to the 
claimant.” 

The petition of Pioneers, Inc., to the Court of Claims is directed against 
the Department of Commerce and the Bureau of Standards and asks com- 
pensation for losses sustained in the amount of $2,369,064.52. The Gov- 
ernment will respond to the petition on or before 24 January, 1958. It is 
probable that the court will hold hearings and that a good deal of familiar 
ground will be reworked. 

Meanwhile, any observer of the political scene may ponder the following 
facts, which are not in dispute: Representative Allen, who introduced the 
bill and the resolution, was defeated when he ran for reelection last month; 
this month President Eisenhower announced his intention of appointing 
Allen to the post of Undersecretary of Commerce early next year. If the 
appointment is confirmed, Allen will doubtless follow the progress of the 
AD-X2 case with especial interest, for he will be in a sense in the unusual 
position of being simultaneously plaintiff and defendant.—G.DuS, 
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Q. Dr. Focke, | have heard it said 
that the Aircraft Nuclear Propulsion 
Program adds a new dimension to 
materials technology.Do you agree? 


A. Strictly speaking, Mr. Walsh, re- 
actor development for any applica- 
tion may be said to do this, since 
materials must be selected for their 
nuclear as well as their physical 
properties. 

For some applications we look for 
high neutron absorption cross sec- 
tions; for others, low capture cross 
sections. 

For example, the material selected 
for the moderator must be capable 
of slowing down the neutrons pro- 
duced by fission to thermal energy, 
about 1/40 ev from their original 
energy of several million ev with a 
minimum loss of neutrons by para- 
sitic capture. Control rods on the 
other hand, must have high capture 
cross section for neutrons. 

In practically all material applica- 
tions for the nuclear power plant for 
aircraft which we are developing 
here, however, we have a high 
temperature problem of dimensions 
unique in materials technology. 


wo 


ARE YOU OVERLOOKING SOME 
OF THE MOST CRITICAL CHALLENGES 
IN THE MATERIALS FIELD? 


Listen in on this interview with Dr. A. E. Focke, 
Manager Materials Development at General Electric’s 
Aircraft Nuclear Propulsion Dept., Cincinnati, Ohio 
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| Ability to 
Component igh renga Resist Absorption Density | Special 
At High Temp. Cross Requirements 
Oxidation 
Section 
Fuel Elements x | x Low - | Compatibility 
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slow neutrons 
Moderator x x Low Low an theitieal 
effectively. 
“Control ics x x High -- 
Shield | 
(1) 
a. Gamma x x -- High(1) amily to 
attenuate y. 
(2)apitity to 
b. Neutron x x High(2) Low absorb with- 
out producing 
Y- 
FIG. 1 





Q. Why is that, Dr. Focke? Aren’‘t 
these problems similar to those al- 
ready solved for marine nuclear 
propulsion? 


A. In the ANP program weight and 
size are severely limiting factors. 
Here we are dealing with a small, 
high density reactor a small fraction 
of the size and weight of the sub- 
marine reactor. To jam high energy 
into small volume requires the de- 
velopment of high temperatures. 
Generally the higher the reactor 
exit-air temperature, the better the 
overall performance of the power 
plant. 

The crux of the problem here is 
the fact that common materials de- 
sired for some parts of the reactor 
for nuclear considerations, cannot 
operate at the maximum tempera- 
ture of the over-all system. 

These charts, prepared for a re- 
cent paper will give you a better 
conception of the materials problem. 
Fig. 1 summarizes the general re- 
quirements. Figs. 2,3 and 4 review 
a few of the basic physical proper- 
ties of each of 11 metals selected for 
discussion. 


Q. Can a materials man work ef- 
fectively at ANP without previous 
training in nucleonics? 


A. Certainly. All the orthodox skills 
of the metallurgist, ceramist or 
chemical engineer are called into 
play here. The Aircraft Nuclear 
Propulsion Department will provide 
necessary training and information 
in nucleonics. 


Q. What you've just told me, Dr. 
Focke, | certainly can discern the 
challenge to the materials man that 
you have here. | suppose you are 
working with alloys of some of the 
more exotic metals so much discussed 
in the latest technical literature? 


A. Security limitations forbid my 
naming specific materials on which 
we are concentrating our investiga- 
tions at this time. We have, however, 
made cojisiderable progress, though 
a great deal of work remains to be 
done before our first high perform- 
ance nuclear power aircraft makes 
its maiden flight. 

One of our principal problems is to 
be sure we have people with the re- 
quired technical competence and spe- 
cific abilities to function effectively. 





Some characteristics of 11 metals in — to possible application in Nuclear Power 


Plant for Aircraft — prepared by Dr. A 


Thermal Neutron 
Absorption Cross 


Melting Point-°F 
Section In Barns 


1.Hf 105.0 1.W 6116 
2. Re 84.0 2. Re 5756 
3. Ta 21.3 3. Ta 5426 
4.W 19.2 4. Mo 4752 
5.U 7.68 5. Ch 4474 
6. Th 7.4 - 6. Hf 4032 
7.Ti 5.6 7.V 3452 
8.V 5.1 8. Zr 3375 
9. Mo 25 9, Th 3308 
10. Cb 1.1 10. Ti 3020 
11. Zr 0.18 11.U 2071 
FIG, 2 FIG. 3 


Focke, Manager, Materials Development. 


Crystal Structure Allotropic Transformation 
NONE (known) 
b.c.c, 3020°F 
b.c.c. 1620°F 
a hee, b.c.c, 1584°F 
Th f.c.c. b.c.c. 2426°F 


1,.Re = h.c.p. 
% 

A 

4. 

5. 

6.W b.6.6. NONE 
if 

8. 

9. 

0. 

+ 


Hf h.c.p. 
Ti h.c.p. 


Ta b.6,¢, NONE (known) 
Mo b.c.c. NONE 
Cbs... NONE 
10.V b.c.c. NONE 
11.U 
FIG, 4 





Metallurgists, ceramists, physical chemists, solid state physicists with background 
in hi-temperature materials are invited to inquire about professional oppor- 
tunities in these areas. Nuclear experience, while desirable, is not essential. 





Write in confidence including salary requirements to: Mr. P. W. Christos, Professional & Technical Personnel — Division 63-WP 


AIRCRAFT NUCLEAR PROPULSION DEPARTMENT 


GENERAL 


P.O. Box 132 


ELECTRIC 


Cincinnati 15, Ohio 


ortho tetra 1220°F; b,c.¢. 1427°F 


A FEW OPENINGS IN OTHER AREAS OF THE PROGRAM FOR: NUCLEAR ENGINEERS @ THERMODYNAMICISTS © MATHEMATICIANS 
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International Geophysical Year 


The first of a two-part summary of IGY activities 


covers studies of the sun and upper atmosphere. 


An earlier report outlined some of the 
activities of the IGY, especially as re- 
flected in our own program, during the 
first months of the endeavor (1). Here 
an attempt will be made to narrate, on 
behalf of the IGY scientific community 
and based upon their reports to the Na- 
tional Academy of Sciences, some of the 
events as the IGY reaches its formal 
close on 31 December 1958 (2). Just as 
the earlier report could be only sugges- 
tive, this too can but touch upon a few 
of the happenings, largely within the 
U.S. program, but perhaps some feeling 
for the whole effort can be conveyed. 
Some of the work described here has 
been reported in the scientific literature, 
and various papers are in press or prepa- 
ration. IGY bibliographies are being pre- 
pared by several agencies; they now exist 
in interim and draft form (3, 4). 

The magnitude of the effort was ap- 
preciable, and some statistics show this 
clearly. For example, Table 1 presents 
the number of principal stations in each 
activity, grouped by latitude zone and 
indicating the degree of geographical 
coverage that was attained. The total 
number of stations is incorrect because 
there is duplication where projects in 
two or more fields were housed in a 
single structure. The correct total, in the 
sense of the table and based on the 
CSAGI geographical distribution list of 





Dr. Odishaw is executive director of the U.S. 
National Committee for the International Geo- 
physical Year, National Academy of Sciences, 
Washington, D.C. 


26 DECEMBER 1958 


Hugh Odishaw 


27 June 1958, turns out to be 2461, but 
this too fails to present the whole pic- 
ture: First, from a scientific point of 
view, the uncorrected table number of 
some 3500 stations is more truly repre- 
sentative of the total station activity. 
Second, some stations were added after 
the compilation of the list. Third, many 
temporary stations, all surface meteoro- 
logical stations (about 2500), and per- 
haps 1000 auroral and satellite volunteer 
observation stations and sites have been 
excluded. The best that one can do, 
therefore, is to say that some 4000 prin- 
cipal scientific stations and several thou- 
sand contemporary and volunteer sites or 
stations were active. 

Similar difficulties beset one in estab- 
lishing how- many individuals took part 
in the IGY or in estimating the costs of 
the over-all effort. Both of these difficul- 
ties stem in part from the variety of ways 
in which the various national committees 
funded their programs and from the ex- 
tensive voluntary contributions made by 
public and private institutions. It is prob- 
able that some 20,000 to 30,000 scien- 
tists, engineers, and technicians were en- 
gaged in the effort, supplemented by a 
somewhat comparable number of volun- 
teer observers. 

The story that can now be told en- 
compasses three aspects of the IGY: (i) 
the discoveries and specific results that 
can readily be interpreted; (ii) the syn- 
optic effort, which yielded vast quanti- 
ties of data; (iii) the direct impact upon 
coming geophysical programs. In_ this 


article, the sampling is concerned with 
the upper atmosphere and the sun. Part 
II will similarly survey the heat and 
water regimen, the earth sciences, the 
synoptic data aspects, and post-IGY de- 
velopments, particularly those for 1959. 

Studies of solar activity, aurora and 
airglow, cosmic rays, geomagnetism, and 
the ionosphere provided a wealth of data 
and many concrete, striking findings. The 
simultaneity of the observations and 
measurements, which the IGY empha- 
sized, proved invaluable, while the avail- 
ability of rocket and satellite vehicles re- 
markably augmented the information se- 
cured from ground stations and observa- 
tories and balloons and aircraft (see 
Figs. 1 and 2). 


Solar Activity 


Studies of the sun during the IGY 
may be divided into two groups, regular 
surveys and special researches, even 
though the former also has important 
research values. 

More than 100 patrols—visual, opti- 
cal, photographic, photometric, and ra- 
dio—kept the sun under constant watch 
at every minute throughout the IGY 
period. This unprecedented watch on the 
sun yielded ample returns. It permitted 
the detection of solar flares, and such in- 
formation was channeled by solar ob- 
servatories to the IGY World Warning 
Agency in the United States, where daily 
analyses were made of the likelihood of 
a solar disturbance with ensuing terres- 
trial effects. Between 28 June 1957 and 
30 November 1958 these analyses led to 
the calling of 38 “alerts’—messages ra- 
dioed throughout the world calling at- 
tention to the probability of the declara- 
tion of a Special World Interval. These 
intervals, of which there were 20 be- 
tween 28 June 1957 and 30 November 
1958, permitted scientists everywhere to 
intensify their measurements during the 
great periods when high atmospheric dis- 
turbances followed in the wake of major 
solar flares. 

Chosen because it coincided with the 
current maximum of the sunspot cycle, 
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the IGY period witnessed the greatest 
level of solar activity in history: the 
Zurich Observatory, international clear- 
ing house for sunspot statistics, reported 
that 1957 had the highest yearly mean 
in relative sunspot numbers since 1778, 
while the level of activity during 1958 
seems to have been somewhat lower. The 
maximum of the present cycle fell al- 
most in the middle of the IGY period. 
In the patrol program photographs of 
the sun were taken by many observa- 
tories—every minute and even more 
often—in the light of hydrogen and cal- 
cium lines. These photographs, in effect 
a time-lapse study of the solar disk, pro- 
vide, together with other related obser- 
vations, the most detailed record of the 
sun in history. Taken during the greatest 
cycle of sunspot activity ever observed, 
this corpus affords a great body of infor- 
mation for astronomical analysis. 
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One of the new devices used in the 
solar program was the K-coronameter, 
used to measure the brightness of elec- 
tron-scattered light in the K- or electron 
corona of the sun. Much fainter than 
the emission corona of ordinary atomic 
transitions, the K-corona requires un- 
usually clear skies. Some fifty such days 
at the High Altitude Observatory Cli- 
max station yielded previously unob- 
served details of the sun. W. O. Roberts 
reports that variations of the depths of 
the layers of the corona, where tempera- 
tures of 1.5 x 10®°K, prevail and where 
appreciable solar radio noise originates, 
studied. 

At the High Altitude Observatory, a 
line profile spectrograph has yielded 
some interesting data. D. E. Billings has 
completed a pilot analytical study which 
shows promising preliminary results on 
analyses of line spectra in H-alpha of 
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about 50 small flares. Billings has pro- 
duced a detailed graph of the optical 
depths of the flare gases as a function 
of wavelength, from the center of the 
spectrum line into its wings. Observatory 
scientists believe that if it proves pos- 
sible to extend this kind of analysis to 
other flares, the results will be of the 
highest importance in flare physics. Such 
work will have a crucial bearing on prob- 
lems of flare emission at wavelengths 
beyond the visible and on studies of the 
effects of flares in the earth’s upper at- 
mosphere and on geomagnetic disturb- 
ances. 

H. Smith and his associates at Sacra- 
mento Peak Observatory report that a 
detailed discussion of the physics of the 
flare of 18 September 1957 is in process. 
The flare was photographed with the 
Sacramento Peak universal solar spectro- 
raph covering 3878 to 7200 angstroms, 








Fig. 1. The large solar laboratory of the High Altitude Observatory at Climax, Colorado. In this rotatable solar dome is located a 26- 
foot equatorial platform on which are mounted solar telescopes for special solar research. One of the instruments in this dome was built 


specifically for the IGY and detects the faint streamers of the corona from day to day, without natural eclipse of the sun. [University 
of Colorado]. 
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Table f. General list of principal IGY stations (from CSAGI Geographical Distribution List, 27 June 1958). 
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with dispersion of 2 angstroms per milli- 
meter and exposure of 3 seconds. The 
analysis of the observation showed a 
marked red shift, indicating a downward 
motion of material toward the solar disk. 
Twenty different ions were detected in 
the flare spectrum, and excellent profiles 
were obtained for the heavier lines. 

Measurements of the sun’s surface 
magnetic field were made at Mount 
Wilson Observatory, revealing very high 
fields associated with some sunspots—as 
much as 8000 times the earth’s field at 
the equator. H. D. Babcock and W. C. 
Livingston reported that the south mag- 
netic pole of the sun reversed its polarity 
and that the north pole intensity de- 
creased: these events have a time-lag of 
some 3 years with respect to minimum 
sunspot count. Mount Wilson scientists 
believe that variations of the sun’s field 
probably reflect large-scale patterns of 
circulation related to the 22-year solar 
magnetic cycle, and they seem to be re- 
lated to various solar-terrestrial phe- 
nomena. 


Aurora 


The IGY period was remarkably rich 
in auroral observations. C. W. Gartlein 
(Cornell University), responsible for the 
visual observation program in the United 
States, reports that in the first six months 
of the IGY there were 103 nights on 
which auroras were seen in the United 
States. In the first six months of 1958 
there were over 110 nights on which 
auroras were seen. In March 1958 au- 
roras were seen on every night except 
that of the 31st. 

Auroral activity was also monitored 
by all-sky cameras, radar, and absorp- 
tion equipment (see Fig. 3). The ab- 
sorption program has turned up some in- 
teresting information that possibly bears 
on emission of soft cosmic rays from the 
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sun during flares. H. Leinbach and G. 
Reid (Geophysical Institute, University 
of Alaska) report that absorption records 
from Thule and two locations in Alaska, 
following a solar flare, give strong sug- 
gestion of solar cosmic ray emission at 
low energies. The absorption equipment, 
a relatively simple and reliable noise re- 
ceiver, promises to play an important 
role in the study of the relationships of 
auroral, ionospheric, and solar phe- 
nomena. 

A new twilight phenomenon, the pres- 
ence of a line at wavelength approxi- 
mately 6700 angstroms, has been dis- 
covered in spectra taken in Antarctica 
during the last few months of 1958. First 
reported by the joint New Zealand-U:S. 
station at Cape Hallett on 5 August 
1958, the radiation has been observed at 
all the U.S. antarctic stations with the 
exception of Little America, and by the 
New Zealand station at Invercargill. 
This radiation has been attributed to 
lithium in the high atmosphere, a con- 
stituent not previously known to be pres- 
ent there. The twilight display is evi- 
dently analagous to the familiar sodium 
twilight radiation often observed. A 
plain inference is that these new mani- 
festations could be related to nuclear 
tests carried out during the same period 
as the IGY program. 

At a recent meeting of the USNC- 
IGY Technical Panel on Cosmic Rays 
there was discussion of the suggestion by 
E. P. Ney and P. J. Kellogg of the Uni- 
versity of Minnesota that a large nuclear 
explosion might result in some perma- 
nent perturbation of the earth’s external 
magnetic field. Although it was recog- 
nized that the energy contained in the 
external field is a small fraction of that 
in the internal field of the earth, Ney 
and Kellogg pointed out that the total 
energy contained in the external field is 
of the order of that in a large nuclear 
explosion, which suggests the possibility 


of appreciable effects. No a priori reason 
was advanced why this could not take 
place. The temporary effects would dis- 
turb the trapping conditions for the Van 
Allen particles and, allowing their re- 
lease, could produce an aurora. [In this 
connection it is interesting to note that 
A. L. Cullington of New Zealand has 
recently reported the observation, at 
Apia on 1 August 1958, of a man-made 
or artificial aurora (5).] 

The interdisciplinary value of the 
simultaneously conducted IGY studies, 
often already indicated, is perhaps most 
strikingly suggested in the report of sci- 
entists at the University of Minnesota 
J. R. Winckler, L. Peterson, R. Hoff- 
man, and R. Arnoldy) on the great au- 
roral storm of 10-11 February 1958, 
summarized as follows: 

Balloon-borne instruments at Minne- 
apolis detected two groups of strong 
x-ray bursts during the storm. These co- 
incided with two large magnetic bays, 
with strong absorption of radio noise, 
and with the passage across the zenith 
of a very large amount of auroral lumi- 
nosity. A cosmic ray decrease also ac- 
companied the storm. The University 
of Minnesota workers believe that these 
terrestrial disturbances were associated 
with the earth’s entry into a large cloud 
of solar gases that may have originated 
in a solar flare occurring about a day 
earlier. 

The aurora observed in North Amer- 
ica during this storm was one of the most 
spectacular in recent years. It was re- 
ported as far south as Cuba. At Minne- 
apolis, the aurora was seen by visual ob- 
servers simultaneously with the sudden 
commencement of the magnetic disturb- 
ance, at 0126 U.T. on 11 February. The 
all-sky camera record from Hanover, 
N.H., shows its appearance a few min- 
utes after the magnetic disturbance be- 
gan. At Minneapolis, from 0130 to 0330 
U.T., a very intense diffuse green arc 


1601 








covered the sky from 20 degrees above 
the northern horizon to the zenith and 
from the eastern to the western horizon. 
The outstanding feature, however, was 
the red color, also very intense, which 
appeared in diffuse patches at high an- 
gles above the northern horizon and, at 
0200 U.T., covered the northern sky 
from 15 to 30 degrees elevation as a 
diffuse arc. 

forms 
reached a geomagnetic latitude of 46°N 
at 1000 U.T. on 11 February 1958. It is 
estimated that the aurora extended from 
a height of about 200 to 800 kilometers, 
and for a distance of about 9600 kilo- 
meters east-west and 400 kilometers 


The southern limit of arc 


Fig. 2. One of the solar radiometers at the Gunbarrel Hill field site of the Boulder Labo- 
ratories, National Bureau of Standards. The reflector is 25 feet in diameter and is mounted 
so as to follow the sun throughout the day. It is in continuous operation to monitor radio 


north-south. In addition to a very high 
intensity of both the red and green spec- 
tral lines, other unusual features of the 
aurora were the diffuseness and extent of 
the luminescence and its persistence for 
long periods without major changes in 
form, Spectra taken in Alaska by scien- 
tists of the Geophysical Institute showed 
unusually strong development of infre- 
quently noted emission lines. The out- 


. standing solar event of the period pre- 


ceding this aurora was a flare, reported by 
Honolulu Observatory as class 2 and by 
Sacramento Peak Observatory as 2+; this 
flare started at 2108 U.T. on 9 February 
and ended at 2302 the same day, with 


its maximum phase at 2140. Neverthe- 





noise from the sun. [National Academy of Sciences] 
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less, since considerable solar activity was 
present for several days prior to the ter- 
restrial storm, the solar-terrestrial rela- 
tionship is not completely certain. Large 
radio-noise fluxes were reported by sev- 
eral stations during the flare. 

The terrestrial effects of this storm be- 
gan at 0126 U.T. on 11 February, ac- 
cording to the rapid-run magnetogram of 
Fredericksburg (Va.) Observatory. The 
horizontal component (H) of the earth’s 
magnetic field immediately showed a bay 
of + 117y, followed by a disturbed period 
and a second sharp, positive bay of about 
500y, which appeared at 0159. This sud- 
den increase in the horizontal component 
was accompanied by sharp drops of 
about 150y in the vertical component 
(Z) and 30y in the magnetic declination 
(D). It is assumed that these pulses rep- 
resent the initial encounter of the solar 
gas cloud with the earth’s dipole field or 
the sudden appearance of ionospheric 
current systems, or both. 

Large earth currents were observed co- 
incident with the horizontal-component 
peak at 0159. T. E. Talpey (Murray 
Hill, N.J.) has stated that the earth’s 
potential at the western end of the North 
Atlantic Telephone Cable from New- 
foundland to Scotland dropped from a 
maximum of about 2650 volts at 0202 
U.T. on 11 February, through zero to a 
peak in the opposite direction at 0209. 
The current was driven from west to east 
through the cable and seemed to be an 
induction effect associated with the sec- 
ond magnetic peak. 

The circuit loop of the earth current, 
if considered to lie in a vertical east-west 
plane, requires a return path through the 
sea above the cable. However, derivation 
of the potential in the water gives only 
about 15 volts around the circuit, com- 
pared with the measured maximum of 
2650 volts. 

Thus the earth current was apparently 
part of a system flowing in the earth’s 
surface and associated with changes in 
the vertical component in an unexplained 
way. The current system seems to have 
been centered over the eastern United 
States. 

A balloon launched at Minneapolis at 
0445 U.T. on 11 February encountered’ 
the first detectable x-ray bursts at 0622,, 
coincident with the major decrease im 
the first large magnetic bay of the second! 
phase of the storm; these bursts con-: 
tinued until 0730. A second large period 
of bursts occurred at 0850, coincident 
with the second magnetic bay of this: 
phase. 

It is thought reasonable to assume that 
both the changes in conductivity of the: 
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ionospheric E-layer, which produced the 
magnetic bays, ai i the observed x-rays 
had a common origin in electrons pro- 
duced by the solar gas stream. Their en- 
ergies would lie in the range from 40 to 
100 kv or higher; most of their energy, 
however, would be lost in the atmos- 
phere as ionization and as the visible 
auroral light. About 1/1000 of the en- 
ergy would be radiated as bremsstrah- 
lung x-rays, the higher-energy compo- 
nents of which are detected at balloon 
levels (about 100,000 feet). 

Large absorption of cosmic radio noise 
at 18 megacycles per second at Boulder, 
Colo., was observed exactly coincident 
with the magnetic bays and the x-ray 
bursts. The records give evidence of a 
very widespread increase in ionospheric 
electron density extending north-south 
for at least 150 kilometers. The corre- 
spondence of data from Fredericksburg, 
Minneapolis, and Boulder (Fig. 4) shows 
that the major primary fluctuations were 
simultaneous over distances of thousands 
of kilometers. 

The large changes in the horizontal 
component of the magnetic field, the 
strong cosmic-noise absorption, the au- 
roral x-rays, and the general presence of 
the aurora itself are all consistent with 
a very intensified bombardment of the 
ionosphere by high-energy electrons be- 
tween 0530-0700 and 0830-0930 U.T. 
on 11 February over central United 
States. 

It is interesting to note that, on the 
basis of the auroral electron flux (6 x 10° 
electrons per square centimeter, per sec- 
ond) inferred from x-ray intensity and 
energy, the electron density at Boulder 
coincident with the 10-11 February au- 
rora is computed to be 1.2 x 105 elec- 
trons per cubic centimeter. This is in 
reasonable agreement with the value of 
1.4 x 10° electrons per cubic centimeter 
obtained through cosmic-noise absorp- 
tion studies on the assumption that ab- 
sorption during an auroral storm occurs 
mainly in the upper D-layer, at altitudes 
of 80 to 90 kilometers. 

There is, however, a discrepancy be- 
tween visual estimates which placed the 
lower limit of the auroral luminosity at 
200 kilometers and any suggestion that 
soft x-rays in the form of bremsstrahlung 
preduced at this level might be respon- 
sible for the D-layer electrons causing 
noise absorption. This arises because 
there is insufficient x-radiation produced 
as bremsstrahlung to account for the 
lower level ionization if the limit of 
luminosity marks the lowest level of 
penetration of the electrons or other 
primary ionizing agent. 
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Therefore, either the estimated height 
of 200 kilometers was too high and the 
lower border of the aurora was actually 
at the usual height of 75 to 100 kilo- 
meters, or electrons or other particles 
carried considerable energy downward, 
below the visual auroral border. 

The storm was accompanied by a 
world-wide Forbush-type decrease in the 
intensity of galactic cosmic rays as dem- 
onstrated by recordings of two groups of 
ground-level neutron monitors: one in 
Europe and Africa, close to the longi- 
tude of Greenwich, except for a station 
at Hobart, Tasmania (longitude 145°E), 
and the other in the Western Hemi- 
sphere extending from Northern Canada 
to the Antarctic approximately along 
90°W. All stations showed an initial 
drop at 0200 U.T. on 11 February of 
roughly the same amount, 4 to 6 per- 
cent. An interesting feature of this For- 


ey ‘ 


Fig. 3. Pho 
all-sky camera installation at Fritz Peak, Colorado, field station for the National Bureau 
of Standards, Boulder Laboratories. The camera, using an image from a hemispherical 
mirror, shown in the center, gives horizon-to-horizon sky coverage for the IGY aurora 
program. [National Academy of Sciences] 


bush-type decrease, apparently reported 
for the first time, was a “precursor” drop 
in intensity that occurred closely coinci- 
dent with the sudden commencement of 
the magnetic storm, at 0127 U.T. 

High altitude soundings with a stand- 
ard ion chamber and counter were taken 
before, during, and after the decrease. 
The total influx of cosmic-ray energy, 
obtained by integrating the ion cham- 
ber rates throughout the atmosphere, 
dropped 14.9 percent during the storm; 
by 16 February it had recovered to 
within 8.4 percent of the 8 February 
value. 


All the phenomena described are con- 
sistent with the passage of the earth into 
a remarkably intense solar cloud, which 
may have originated in the solar flare 
beginning at 2108 U.T. on 9 February 
and ending at 2302 on 9 February. 

If the cloud originated with the 2-hour 
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Fig. 4. Comparison of the horizontal field at Fredericksburg, auroral x-rays measured 
at Minneapolis, and cosmic noise absorption measured at Boulder. Two cases of intense 
ionospheric ionization apparently occurred, reaching maxima at approximately 0630 and 
0900. The ionization was very widespread, as shown by this correlation and by all-sky 


camera photographs. 


interval of the flare and required 24 
hours to pass the earth, considerable 
velocity dispersion must have been pres- 
ent in the solar gas so that the slower 
solar particles could predominate later 
in the storm. The leading edge of the 
cloud must have been exceedingly well 
defined, and the cloud must also have 
contained considerable internal  struc- 
ture, as revealed by “spikes” in the first 
phase and by the two large bays accom- 
panying the x-ray bursts later in the 
storm. These structural features persisted 
during the sun-earth passage despite the 
large velocity dispersion. 

Although the modulation of galactic 
cosmic rays in this storm, while ap- 
preciable, was in no way exceptional 
when compared with otiier Forbush-type 
decreases, the storm was nevertheless 
unique with respect to the great inten- 
sity of the associated ionospheric phe- 
nomena; this may reasonably be attrib- 
uted to an exceptionally high density of 
the solar gas enveloping the earth. The 
aurora of 10-11 February was one of the 
most intensely studied solar-terrestrial 
phenomena of the IGY. 


Cosmic Rays 


The scheduling of the IGY for a pe- 
riod of maximum sdiar activity was of 
particular value to cosmic ray research. 
Appreciable advances were made in our 
understanding of cosmic rays and their 
causes, effects, and _ interrelationships 
with other phenomena (see Fig. 5). A 
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very interesting aspect was the relevance 
of cosmic rays to explorations of the geo- 
magnetic field. 

The beam of cosmic rays coming 
largely from the galaxy changed dras- 
tically between the last minimum of 
solar activity (1954) and the present 
maximum (1957-58). S. E. Forbush, 
studying -meson intensities, found that 
the results show an 11-year cycle of in- 
tensity variations which is roughly oppo- 
site in phase to that of sunspot numbers 
but lagging in phase by about 1 year. 
J. A. Simpson and his colleagues (Uni- 
versity of Chicago) found a decrease of 
25 percent in neutron intensity at Cli- 
max, Colorado, between 1954-55 and the 
early part of 1958, with a more than two- 
fold decrease in this period for particles 
with energies of 1 Bev or greater. H. V. 
Neher (California Institute of Technol- 
ogy) found that ionization at Thule, 
measured aboard balloons at 93,500 feet, 
was only half that of 1954 and that the 
number of primary particles was dimin- 
ished by a factor of 4. J. R. Winckler 
and L. Peterson (University of Minne- 
sota) studied vertical particle flux using 
balloons at northern geomagnetic lati- 
tudes between 51.2 and 64.2 degrees: 
above 33,000 feet the flux decreased near 
sunspot maximum; the decrease becomes 
greater with increasing height and at 
both high latitudes and altitudes was 
down by nearly a factor of two. These 
experiments showed that, of the addi- 
tional particles admitted at some 100,- 
000 feet in 1955 between north geomag- 
netic latitudes 51.2 and 58.6 degrees, at 





most .only one-sixth remained near sun- 
spot maximum and that the relative lati- 
tude effect in this range was reduced 
from 40 to 10 percent or less. 

During the past several years, it has 
become clear through the work of U.S. 
investigators that the intensity of the 
cosmic radiation reaching the earth un- 
dergoes large changes with time, and 
that these changes are associated with 
electromagnetic phenomena on the sun. 
Phenomena that produce large changes 
in the cosmic ray intensity at the earth 
have become the central problem of in- 
terest. Not only does their study add’ to 
an understanding of cosmic ray and solar 
effects, but analysis of these data is lead- 
ing to knowledge of magnetic fields in 
interplanetary space and to explanation 
of many magnetic storm effects at the 
earth’s surface. 

In 1957, large decreases in cosmic-ray 
intensity during magnetic storms were 
unusually numerous. Several U.S. inves- 
tigators have recorded large variations in 
daily mean neutron intensity for various 
intervals during the IGY. The sudden 
decrease in daily mean neutron intensity 
from 29 to 30 August 1957 was between 
8 and 10 percent at IGY stations oper- 
ated by the universities of California and 
Chicago and the Bartol Research Foun- 
dation (Pennsylvania). This is about 2.5 
times the change in ionization at Huan- 
cayo. 

M. A. Pomerantz (Bartol Research 
Foundation) reports that values of daily 
means of neutron intensity at Thule (20 
August 1957 to 31 March 1958) corre- 
late well with values obtained by D. C. 
Rose at Ottawa and Resolute, Canada. 
Using balloons on several days between 
21 August and 18 September, Pomer- 
antz also measured the vertical quad- 
ruple-coincidence rate under 7.5 centi- 
meters of lead at altitudes above the 
28-gram-per-square-centimeter pressure 
level (80,000 ft). These results show a 
decrease of about 20 percent near 1 Sep- 
tember 1957 as compared with 20 Au- 
gust 1957. 

Two experiments conducted in 1958 
with balloon-borne pulsed ionization 
chambers revealed that the fluxes of both 
heavy nuclei and high energy protons did 
not change at the same time when a de- 
crease of 23 percent in the total intens- 
ity was recorded as indicated above. 
Taking the results of other investigators 
into account, as well, Pomerantz con- 
cludes that the current general reduction 
in the primary cosmic ray intensity is a 
consequence of a change in the cutoff 
rigidity only. He points out that a sharp 
cutoff of protons unaccompanied by a 
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corresponding cutoff of heavy nuclei 
could be reconciled by ascribing the ob- 
served decrease in primary intensity to 
the action of a cutoff mechanism at the 
sun upon low energy cosmic rays of 
solar . origin. 

Twelve-hour neutron-intensity means 
at Chicago from 22 July to September 
1957 reported by Peter Meyer (Univer- 
sity of Chicago) showed a range of nearly 
20 percent. Meyer has also conducted 
balloon flights in Canada on days when 
the neutron intensity at Chicago dif- 
fered, from one to another of these days, 
by 12 percent. His purpose was to deter- 
mine whether the change in proton and 
alpha-particle flux is different at these 
two locations. On the basis of these bal- 
loon flights conducted during 1957 and 
1958, Meyer reported at a recent meet- 
ing of the American Physical Society 
in Chicago that in general the modula- 
tion mechanisms responsible for intensity 
variations in cosmic rays affect both 
alpha-particles and protons in the same 
manner so that the ratio of fluxes re- 
mains constant. However, the indepen- 
dent behavior of the alpha-particle flux, 
when compared with the proton flux, as 
observed on certain individual flights, 
if real, may occur only at certain times, 
and perhaps only following Forbush de- 
creases. 

Because cosmic rays are deflected by 
magnetic fields, they may be thought of 
as probes to reveal the distribution and 
configuration of the magnetic field in 
the regions surrounding the earth. Inves- 
tigations to locate the magnetic equator 
for cosmic rays are being carried out 
through multiple crossings of the equa- 
torial region by ships and aircraft. These 
studies by J. A. Simpson (University 
of Chicago) and M. A. Pomerantz (Bar- 
tol Research Foundation) were men- 
tioned in the earlier report (/). 

K. A. Anderson (State University of 
Iowa) has reported unusual balloon ob- 
servations taken at an atmospheric depth 
of 10 grams per square centimeter at 
Churchill on 22 August 1958, in which 
ionizing radiation appeared beginning at 
1525 UT in time association with a great 
solar noise storm. The response of three 
balloon-borne detectors was not con- 
sistent with x-rays, high-energy gamma 
rays, or with electrons as a principal 
cause, but did correspond to protons 
with a kinetic energy of 170 Mev. From 
one previous balloon flight made from 
Churchill in 1957 there was strong evi- 
dence for the appearance of protons in 
the 100-Mev energy region during a 
period of high solar activity, but no fur- 
ther confirmation was obtained until the 
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occurrence of the more recent event. The 
time scale and certain of the details of 
the event bore a strong resemblance to an 
x-ray shower observed on 29-30 August 
1957, which suggests that the protons in 
the present event and the electrons, pre- 
sumed to have given rise to the x-rays 
in the earlier event, are affected by a 
common mechanism. It was definitely 
established that the radiation present 
during the 1958 event was not associated 
with visible auroras, for sky conditions 
were excellent for observations. There 
was little if any magnetic disturbance 
present at the time. 


Geomagnetism 


Some 200 magnetic observatories re- 
corded magnetic-field vector components 
on a regular basis during the IGY. These 
data, calling for appreciable analysis, 
have as their principal value their util- 
ity in interdisciplinary studies, particu- 
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larly in correlations of events involving 
solar, ionospheric, auroral, and cosmic 
ray effects, Studies of cosmic rays them- 
selves proved most revealing in throwing 
light on the earth’s magnetic field in 
space. Emphasis in the United States 
geomagnetic effort was also placed on 
rapid variations, close network studies, 
and the electrojet phenomenon. 

To determine whether magnetic field 
variations other than the daily variation 
also show electrojet effects, four stations 
equipped with Askania variographs were 
established for the IGY on the west coast 
of Peru by S. E. Forbush (Carnegie In- 
stitution of Washington), in cooperation 
with the Instituto de Geofisico de Huan- 
cayo. The maximum daily variation of 
the horizontal component was found to 
occur within 1 degree of latitude of 
Huancayo (12°S). This is in accord with 
results from the 1949 survey. It is also 
confirmed hy the fact that the daily 
variation of the vertical component of 
the earth’s magnetic field, obtained dur- 








Fig. 5. Sky-hook balloon for the measurement of the variation in intensity in cosmic 
radiation over a period of time. [General Mills, Inc.] 








ing the 1957 survey, changes sign at a 
latitude within 1 degree of Huancayo. A 
maximum daily variation in the vertical 
component occurred at about 16°S, and 
another maximum, with opposite sign, 
occurred near 8° or 9°S. 

The north-south distance of 500 miles 
between these extremes provides a rough 
estimate of the width of the electrojet 
band. The difference with latitude of the 
daily variation of the vertical component 
indicates the importance of the return 
currents, which must flow westward, to 
the north and south of the eastward- 
flowing electrojet. 

To estimate reliably the height and 
width of the electrojet, the electric cur- 
rent system of the electrojet field must 
first be derived. Before this derivation 
can be accomplished, the normal, quiet- 
day solar variation, estimated from data 
obtained at locations free from the in- 
fluence of the electrojet, must be sub- 
tracted. Such height and width estimates 
have not yet been completed. 

A preliminary examination of records 
indicates that many of the vertical-com- 
ponent fluctuations related to solar dis- 
turbances are greatest at the same lati- 
tudes where the largest quiet-day solar 
tidal variation in this component was ob- 
served. The sign of the fluctuations is op- 
posite at these two latitudes, indicating 
electrojet effects. 

A network of stations was established 
by E. Maple (Geophysics Research Di- 
rectorate) to study geomagnetic fluctua- 
tions in the frequency range of 1 to 50 
cycles per second. Maple has found that 
oscillations or micropulsations may ap- 
pear, as well as signals of varying fre- 
quency. The latter often resemble the 
whistlers of audio frequency range. How- 
ever, these subaudio “whistlers’” some- 
times first decrease in frequency and then 
increase, a behavior at odds with current 
whistler theory. Some correlations have 
been observed with magnetic activity, as 
well as occasional predisturbance signals, 

The early data from the large network 
of IGY magnetic stations is under study 
and analysis by scientists at many insti- 
tutions. The U.S. Coast and Geodetic 
Survey reports that operation of the sta- 
tions, even in difficult and remote areas, 
has been satisfactory, and data are being 
received and reduced at the survey. 


Ionospheric Physics 


Because solar radiation largely deter- 
mines the nature of the ionosphere, the 
character of the ionosphere close to the 
geographic poles during periods of pro- 
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longed solar absence was a subject of 
considerable interest. The South Pole 
Station provided a unique facility for 
this study by the National Bureau of 
Standards because there Antarctica of- 
fered a stable platform in contrast to the 
uncertainties of the shifting ice pack in 
the Arctic basin. In these regions the 
ionosphere is subjected to extended ex- 
posure to solar ionizing radiations during 
the long polar summer day, while it is 
screened for several months during the 
polar night. Scientists of NBS, Boulder 
Laboratories, reported that, from analysis 
of South Pole records at hand, the ioni- 
zation reached a summer saturation, dur- 
ing the present solar activity, of about 
4.5 x 10° electrons per cubic centimeter, 
which would support transpolar com- 
munications up to 22 megacycles per sec- 
ond. Throughout the winter polar night, 
it was found that the F-layer persists but 
that this usually rather uniform layer ap- 
peared to break up into cloud formations. 
A density of 2x 10% electrons per cubic 
centimeter appears typical, sufficient to 
support transpolar communications up to 
14 megacycles in the absence of iono- 
spheric storms. 

There is evidence from the data from 
both polar regions that the nonsolar 
variations in the F-layer depend upon the 
magnetic dip field rather than the geo- 
magnetic field. Analyses of data from 
the world-wide chain of ionospheric sta- 
tions are under way to determine the 
source of these polar ions: Do electronic 
clouds drift from sunlit regions toward 
the South Pole or do they manage to 
persist somehow throughout the winter? 
It is interesting that the ionization ex- 
hibits diurnal variation even though the 
sun is always at a constant height above 
or below the horizon. 

Backscatter studies, conducted over a 
network of 13 stations supervised by A. 
M. Peterson (Stanford University), 
were direc‘zd at two types of problems: 
those requiring reflections continuously 
from large regions and those where re- 
flection geometry requires the backscat- 
ter oblique-incidence technique. This 
work permitted the study of large-scale 
F-layer traveling disturbances and stud- 
ies of ionospheric tilts. Peterson reports 
that the former were tracked over several 
thousand kilometers, and it has been 
found that the disturbances often extend 
several thousand kilometers in directions 
perpendicular to their paths, appearing 
as huge wave motions in the ionosphere. 

Analysis of backscatter data shows that 
tilts in the F-region permit radio wave 
propagation over great distances without 
ground reflections. Tilts or horizontal 





gradients permit the propagation of radio 
waves over long distances by successive 
reflections from the curved F-layer until 
a particular tilt directs the energy to 
earth. Propagation over distances in ex- 
cess of 6000 miles has been observed fre- 
quently. 

During the IGY an extensive whistler 
program has been conducted by R. A. 
Helliwell (Stanford University) and M. 
G. Morgan (Dartmouth College) who 
are supervising two chains of stations run- 
ning north and south along the coasts of 
North America, including cooperating 
stations in the Southern Hemisphere. 
Some of these stations were in operation 
prior to the beginning of the IGY, and 
it was at one of them (Hanover, N.H.) 
that correlation of whistlers and light- 
ning flashes by direct visual and aural ob- 
servations was definitely made just prior 
to the IGY. This has recently been re- 
ported in the literature with the conclu- 
sion that lightning flashes can generate 
whistlers although many of them do not. 

The IGY whistler data show a marked 
dependence of the frequency of occur- 
rence from place to place. Morgan finds 
that activity increases northward from 
none at all at Huancayo up to Hanover 
where a variety of very-low-frequency 
phenomena are recorded, and then di- 
minishes nearly to the vanishing point at 
Frobisher Bay, North West Territories, 
and ‘Thule, Greenland; high activity is 
noted from the Ellsworth Station in 
Antarctica. It is interesting that the 
Hanover Station has far more activity 
than does Seattle, Wash., although the 
two are at comparable geomagnetic lati- 
tudes. 

Helliwell observes that high activity is 
also found at Unalaska, Alaska, and that 
in Alaska short whistlers are predomi- 
nant whereas on the east coast of the 
United States short whistlers are a rela- 
tive rarity. On one occasion the same 
whistler group was recorded at both 
Stanford and Seattle. However, the first 
component of the whistler observed at 
Stanford was extremely well defined and 
extended upward to 35 kilocycles per sec- 
ond, whereas no trace of the first com- 
ponent could be found at Seattle. Later 
traces in the group, on the other hand, 
were identical with those at Stanford. 
Nose whistlers (in which the frequencies 
both rise and fall simultaneously) have 
been observed for the first time at Stan- 
ford, and two have been found with nose 
frequencies of 10 and 16 kilocycles per 
second, which are low compared with 
the expected value of 45 kilocycles per 
second. A whistler has been recorded 
simultaneously at Stanford, Seattle, and 
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Anchorage, even though the distance be- 
tween Anchorage and Stanford is about 
3200 kilometers. The spectrograms show 
considerable similarity, but the disper- 
sions of the separate components are not 
exactly the same at the three locations. 

E. K. Smith (Central Radio Propaga- 
tion Laboratory, National Bureau of 
Standards) has reported a peculiar signal 
enhancement noted during the last year 
on a very high frequency (49.84 mega- 
cycles per second) circuit operating be- 
tween the Philippines and Okinawa 
which was set up to measure sporadic-E. 
The anomaly observed was a sudden en- 
hancement of signal strength commenc- 
ing about 2 hours after sunset and con- 
tinuing until about midnight, being 
particularly strong during the autumnal 
equinox. This appears definitely to arise 
from F-region scatter. Studies by means 
of a pulse experiment carried out on the 
circuit seem to indicate F-region reflec- 
tion from the path midpoint at 300 kilo- 
meters. The returned echo appears simi- 
lar to those returned from extensive 
aurora curtains and may represent blobs 
of ionization oriented along the earth’s 
magnetic field. 

The reduction of vertical incidence 
ionospheric sounding records, or iono- 
grams, to profiles of electron density as a 
function of true height, is being carried 
out at Pennsylvania State University by 
E. R. Schmerling, where an extension is 
used of the matrix method developed by 
Budden. Records from Washington, 
D.C., Panama, and Talara and Huan- 
cayo, Peru, have been reduced to indi- 
vidual profiles and read off to give the 
density at every 20 kilometers of true 
height. From examination of the 1957 
data it has been discovered that the 
shape of the F-2 layer rarely corresponds 
to a parabola, an approximation some- 
times used previously, and that there is 
a striking increase in electron density at 
night, particularly at Huancayo and 
Panama, where the layers rise at night 
and decrease in thickness. 

Reduction of electron density profiles 
for many stations at scattered intervals 
(rather than more comprehensive cover- 
age at a few stations) has been carried 
out at the National Bureau of Standards, 
Central Radio Propagation Laboratory, 
Boulder, Colo., by the same method to 
determine the instantaneous horizontal 
distribution of electron density at a series 
of fixed heights over the United States. 
Applications include the interpretation 
of radio data from satellites or other 
sources within or beyond the ionosphere, 
the determination of ray paths for radio 
waves reflected at oblique incidence from 
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the ionosphere, the study of regional 
anomalies, and the study of large travel- 
ing disturbances. 

Other ionospheric scatter effects are 
being studied in a cooperative program 
under the supervision of K. L. Bowles 
and R. S. Cohen (Central Radio Propa- 
gation Laboratory, National Bureau of 
Standards), with the South American 
participating committees of Argentina, 
Brazil, Chile, Ecuador, and Peru. Six 
circuits, in which transmission is affected 
by ionospheric scatter of obliquely inci- 
dent 50 megacycle waves, have been es- 
tablished by the Central Radio Propaga- 


tion Laboratory to span the geomagnetic 
equator and provide east-west control 
data. The variability in daytime scatter- 
ing along these paths has been found to 
correlate with the presence of equatorial 
sporadic-E. There is further correlation 
with intensity variations of the horizontal 
component of the earth’s magnetic field. 
Since these are in turn associated with 
the equatorial electrojet, these propaga- 
tion studies are helping to define the re- 
lation between equatorial sporadic-E 
ionization and the equatorial electrojet. 
On the other hand, nighttime scatter 
signal seems to be correlated with the 





Fiy. 6. A “forest” of six Nike-ASP rockets in the process of being erected on the deck of 
the Navy ship U.S.S. Point Defiance, anchored off the South Pacific island of Pukapuka 
in the Danger Islands. The rockets, launched under the auspices of the National Academy 
of Sciences’ IGY program, were used to assist a team of Naval Research Laboratory and 
other IGY scientists in making radiation studies of the sun during the eclipse which oc- 
curred 12 October. In this first use of high-altitude rockets for astrophysical eclipse meas- 
urements, five were launched within a span of 40 minutes; two of these were in the air 
simultaneously during the total eclipse. Telemetering time averaged close to eight minutes 
per rocket. A sixth rocket was fired on 13 October, when a solar flare occurred following 
the eclipse. This rocket carried radiation measuring instruments to an altitude of 140 to 
150 miles, exceeding all previous records for rockets launched from shipboard. [U.S. Navy] 
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presence of disturbed conditions in the 
F-region observed as equatorial spread. 
The knowledge that the nighttime trans- 
mission scattering probably occurs at 
130- to 180-kilometer levels suggests that 


some of the spread-F and some of the 
long-path scatter signals at night are 
caused by the same ionospheric irregu- 
larities in the region from, 130 to 180 kilo- 
meters in height. 








Fig. 7. The gantry crane, the lighted structure at right, is withdrawn in preparation for 
the launching of the Jupiter-C rocket (at left) at Cape Canaveral, Florida, at 10:48 p.m., 
EST, 31 Jan. 1958. This rocket placed the first U.S.-IGY earth satellite in orbit, seven 
minutes after firing. The satellite carried instrumentation to record data on cosmic rays, 
micrometeorites, and internal and skin temperatures, designed at the University of Iowa, 
the Air Force Cambridge Research Center, and the California Institute of Technology’s 
Jet Propulsion Laboratory, respectively. The Jupiter-C rocket was jointly developed by 
the Army Ballistic Missile Agency and the California Institute of Technology’s Jet Pro- 
pulsion Laboratory and was launched by the Army Ballistic Missile Agency. [U.S. Army] 
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Rockets and Satellites 


While rockets and satellites are only 
tools, albeit powerful ones, for in situ 
studies of phenomena in the high atmos- 
phere and space, they have represented 
an important area of IGY activity and 
have stood in the international program 
as distinct efforts. Seven nations engaged. 
in rocketry studies (Australia, Canada, 
France, Great Britain, Japan, the United: 
States, and the U.S.S.R.) while two 
(U.S. and U.S.S.R.) launched satellites. 
More than 300 research sounding rockets 
of various types were fired, seven satel- 
lites were launched successfully, and one 
deep-space probe (Pioneer I) covered 
some one-third the distance toward the 
moon. 

The quantity of data gathered by re- 
search sounding rockets was appreciable. 
Of great general interest were the stud- 
ies of x-rays discovered by H. Friedman 
and his associates (Naval Research Labo- 
ratory) at times of solar flares in the 
lower, D-region of the ionosphere. It 
now appears this x-radiation creates the 
increased ionization which leads to radio- 
communications blackouts at times of 
solar activity. X-rays, Friedman reports, 
increase with solar flare activity, while 
ultraviolet radiation does not, although 
measurements have not been made dur- 
ing the initial period of onset of flares. 
Moreover, during the eclipse of last Oc- 
tober, Friedman employed rockets for 
the first time in such a study (see Fig. 
6) and detected x-rays during total 
eclipse while ultraviolet radiation was 
completely absent, giving the first direct 
evidence that x-rays originate in the sun’s 
corona, whereas ultraviolet radiation was 
absent during total eclipse. These experi- 
ments are significant not only because 
they add to our fundamental knowledge 
of the upper atmosphere and solar proc- 
esses, but because the information sheds 
light on problems of the. radio propa- 
gation. 

Extremely important ambient pressure, 
temperature, wind and density data were 
also obtained from rocket firings by 
groups at the Naval Research Labora- 
tory, Geophysics Research Directorate, 
University of Michigan, and the Army 
Signal Research and Development Labo- 
ratory. One of the significant findings re- 
vealed that the distribution of atmos- 
pheric pressure and temperature at high 
latitudes differs from that at lower lati- 
tudes. The density of the atmosphere is 
under strong solar influence. There ap- 
pear to be latitude, seasonal, and diurnal 
effects. These effects appear only at high 
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altitudes above Fort Churchill, while 
none of these effects appear at lower 
latitudes. 

A program at the State University of 
Iowa using balloon-borne rockets, called 
rockoons, had as its major purpose the 
measurement of total cosmic ray intensity 
over a wide range of geographic and geo- 
magnetic latitudes during the present 
period of high solar activity. Special 
points of interest are (i) comparison of 
the intensity at upper atmosphere levels 
in high southern latitudes with intensity 
at high northern latitudes, and (ii) in- 
vestigation of the location of the latitude 
“knee” in the Southern Hemisphere. 
Van Allen and his colleagues at Iowa re- 
port that flight data which have been 
read and reduced to date indicate that 
the total cosmic ray intensity at upper 
atmosphere levels in high southern lati- 
tudes is within 5 percent of that in high 
northern latitudes, and about 4.3 times 
as great as that near the equator. They 
also show that during the present period 
of high solar activity the latitude knee 
is found at a latitude lower than 50°S. 
Cosmic ray intensity at various altitudes 
is being systematically plotted against 
geomagnetic latitude. 

Another aim of the Iowa research 
rocket program was precise measure- 
ment of the intensity of the terrestrial 
magnetic field to altitudes over 75 miles 
in the region of the equatorial electro- 
jet. Van Allen obtained four satisfactory 
sets of data on magnetic intensity in the 
Line Islands at altitudes up to 84 miles, 
and flight data reduced during the IGY 
indicate new evidence for the existence 
of electric currents in the lower iono- 
sphere. The full reduction of all four sets 
of flight data obtained in the Line Island 
area, when combined with the ground 
station measurements, is expected to 
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yield illuminating information on the 
equatorial electrojet. 

Several other Iowa experiments were 
conducted in the southern auroral zone. 
High-altitude measurements of the mag- 
netic field were made for correlation with 
nearby antarctic observations. There 
were three successful magnetometer 
flights. Investigations were made here of 
the physical nature, intensity, and lati- 
tude distribution of the “soft radiation” 
associated with auroras. A flight at 
70°48’S, 175°50’E was the only success- 
ful rocket flight of auroral instrumenta- 
tion made in the zone. It encountered a 
high intensity of soft radiation resem- 
bling that studied extensively in the 
northern auroral zone during the rockoon 
expeditions from 1953 to 1957. 

The most significant on-board satellite 
experiment to date now appears to be 
the work of Van Allen and his associates 
at the State University of Iowa, with 
radiation instrumentation on satellites 
1958 alpha, gamma, and epsilon (com- 
monly referred to as the Explorer satel- 
lites) (see Fig. 7). Satellite 1958 alpha 
led to the discovery of a zone of radia- 
tion in the high atmosphere. Van Allen 
reported that data from 1958 alpha and 
beta indicated that the radiation inten- 
sity of cosmic rays to 700 kilometers was 
as expected, but instrumental behavior 
beyond this range pointed to a great in- 
crease in intensity “totally inconsistent 
with cosmic ray expectations.” The radi- 
ation was interpreted as corpuscular in 
nature. 

More sophisticated instrumentation on 
1958 epsilon provided added and better 
information. Van Allen and his col- 
leagues believe it “is established that the 
great radiation belt around the earth 
consists of charged particles, temporarily 
trapped in the earth’s magnetic field.” 


ote 


They conjecture that the aurora is re- 
lated to this trapped radiation and is 
caused by particle leakage from the belt. 
They suggest that solar plasma is the 
source of particles. These studies, in com- 
bination with other results. of the IGY 
(the cosmic ray work, in particular), be- 
gin to relate a variety of atmospheric 
and spatial phenomena in an exciting 
and meaningful way, suggesting that ma- 
jor advances are in process of being made 
and formulated. 

Many environmental studies were also 
carried out such as the temperatures of 
satellites (internal and skin) and ex- 
posure and behavior under micromete- 
orite bombardment. The solar batteries 
carried on 1958 beta have continued to 
operate since launching and have proved 
the feasibility of this source of power. 
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The Industry of Discovery 


The part of research that is pursued for profit 
contributes to the growth and stability of the economy. 


The best way to indicate the signifi- 
cance of technological research for the 
growth and stability of the economy is 
to point out that technological research 
had developed sufficiently by 1937 to 
make Keynes’ theory of employment ob- 
solete on the day of its publication—in 
spite of invaluable concepts and tools of 
analysis contained in the work. The rea- 
son why his theory of employment itself 
was out of date on the day of its pub- 
lication was that Keynes ignored com- 
pletely the impact of technological re- 
search upon the economy. Hence, his 
theory of employment rested upon a 
theory of consumption and upon a the- 
ory of investment that were seriously in 
error. In addition, Keynes was led to 
the mistaken practical conclusion that 
economic progress inevitably creates a 
chronic deficiency of demand. 

Today it is unthinkable that anyone 
should attempt to construct a theory of 
employment or a theory of growth with- 
out taking account of technological re- 
search. Within the last 30 years techno- 
logical research has become a large 
activity that introduces fundamental 
changes into the operation of the econ- 
omy. Measured in terms of the number 
of scientists and engineers devoting full 
time to technological research, this activ- 
ity is more than five times as large as it 
was in 1930, and measured by the ratio 
of research expenditures to the gross na- 
tional product, it is about 13 times as 
large. In 1956, the annual budget of 
technological research, according to esti- 
mates of the National Science Founda- 
tion, was about $9 billion a year. Re- 
search is growing right through the re- 
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cession of early 1958 (as it grew steadily 
during the much deeper depression of 
the 1930’s), and in 1958 research out- 
lays will undoubtedly be well above $10 
billion. 

My remarks fall into four principal 
parts. In the first place, I wish to point 
out briefly some fundamental character- 
istics of technological research that give 
it far-reaching economic significance. In 
the second place, I wish to discuss more 
specifically the effect of technological re- 
search upon the capacity of the economy 
to grow—and particularly to point out 
some of the changes required by techno- 
logical research in the theory of con- 
sumption and in the theory of invest- 
ment. In the third place, I have a few 
observations to make concerning the re- 
lationship of technological research to 
economic stability. In the fourth place, I 
wish to discuss a few selected questions 
of general economic interest that are 
brought into being by technological re- 
search. 


Characteristics of 


Technological Research 


Technological research has three char- 
acteristics that give it far-reaching eco- 
nomic significance. The first of these 
characteristics is that it greatly increases 
the capacity of the economy to raise the 
demand for goods. It is obvious that 
technological research increases the ca- 
pacity of the economy to raise productiv- 
ity. Less obvious, and indeed generally 
overlooked, is the fact that research gives 
the economy the capacity to bring about 
planned increases in the demand for 
goods, both by creating new demands for 
consumption goods and by creating new 
investment opportunities. Naturally these 
capacities are fatal to the stagnation 





thesis expounded with such brilliant error 
by Keynes. I deal with this point more 
specifically below, where I discuss the 
effect of research on the theory of con- 
sumption and on the theory of invest- 
ment. 

A second characteristic that gives tech- 
nological research far-reaching  signifi- 
cance is the fact that much of it is a 
profitable activity as well as a useful ac- 
tivity. There are, of course, research 
areas of the greatest usefulness that can- 
not be investigated for profit and that 
must be handled either by nonprofit in- 
stitutions, or by the government, or by 
private industry under government con- 
tract. Within the last half century, how- 
ever, the fund of technological under- 
standing has become sufficient so that 
many projects, particularly at the devel- 
opment level, can be pursued for gain. 
This means that many research programs 
can be determined by the economic cal- 
culus—by the balancing of expected 
gains against expected costs. The impor- 
tance of this fact is that it draws into re- 
search far greater resources than would 
otherwise be available for it. 

The part of technological research 
that can be carried on for profit should 
be regarded as an industry—the industry 
of discovery. Its product is knowledge. 
Slightly more than half of the research 
and development work now being con- 
ducted in private laboratories is financed 
by private funds for the purpose of mak- 
ing a profit. Thus, the National Science 
Foundation estimates that, in 1956, $3.4 
billion of the $6.5-billion research budget 
of private laboratories was financed by 
industry's own funds, and $3.1 billion 
by the federal government. 

A third significant characteristic of re- 
search is the fact that an increase in its 
output does not tend to reduce the mar- 
ginal value of its product; on the con- 
trary, it tends to increase the marginal 
value. Hence, the greater the output of 
research, the stronger tends to be the de- 
mand for still more output. 

This peculiarity of research is a result 
of the fact that its output is knowledge. 
One may think of knowledge as consist- 
ing of a body of tested propositions. 
When two things are known, there is a 
possibility of seeing significant relation- 
ships between them which will yield 
practical applications. The larger the 
number of tested propositions, the more 
numerous are the cases in which the ad- 
dition of a new tested proposition to old 
propositions will yield new useful appli- 
cations and, in addition, will suggest 
hypotheses useful in adding still more 
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tested propositions to the body of knowl- 
edge. Thus, the greater the body of ex- 
isting knowledge, the greater is likely to 
be the value of the new discoveries. 

All of this is particularly important 
for that part of research that is pursued 
for profit—the industry of discovery. Un- 
like other industries, the industry of dis- 
covery produces against a rising schedule 
of marginal utility, not a diminishing 
schedule. 


Demand for Consumer Goods 


The most important effects of techno- 
logical research upon the capacity of the 
economy to grow stem from its effects 
upon the demand for goods, not from 
its effects upon the capacity of the econ- 
omy to produce goods, though the latter 
effects are obviously of great importance. 
Once demand exists, efforts to raise out- 
put will be stepped up. In the absence 
of sufficient demand, however, efforts to 
raise capacity will be limited. Hence, it 
is better on the whole that demand have 
a slight tendency to outrun productive 
capacity than that productive capacity 
tend to outrun demand. 

Technological research affects both 
the demand for consumer goods and the 
demand for capital goods. It affects 
the demand for consumer goods by de- 
veloping new kinds and varieties of 
consumer goods that people desire to in- 
corporate into their standard of con- 
sumption. People acquire these addi- 
tional goods by going into debt, by 
drawing on accumulated savings, or sim- 
ply by saving a smaller proportion out 
of any given income. As a result, rising 
per capita incomes in the United States 
have not produced a drop in the ratio of 
incomes that have been saved. In the 
American economy, personal consump- 
tion expenditures have always been an 
important income-determining influence, 
contrary to the theory of Keynes, who 
held that consumption expenditures are 
a stable function of real per capita na- 
tional income. If the view of Keynes 
were correct, consumption expenditures 
would be merely income-determined, not 
income-determining. 

It would be a mistake to ascribe dy- 
namic standards of consumption solely 
to the attractive products made possible 
by technological research, though in re- 
cent years this source of dynamic con- 
sumption standards has been growing 
rapidly. But specialized technological re- 
search, as I have pointed out, had very 
limited importance until about 25 years 
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ago, and consumers have been a dy- 
in the United States 
Most of the 
population has been motivated by strong 


namic influence 


since time immemorial. 
desires to get ahead, and this ambition 
has made all aspects of life in the United 
States, including consumption, strongly 
competitive. Various features of the 
American environment have stimulated 
ambition and competition: the absence 
of tradition and social stratification, the 
rapid growth of population (especially 
up until the end of the 19th century), 
and the abundance of economic oppor- 
tunities created by the immense resources 
awaiting development. But, as the rate 
of population growth has dropped and 
as natural resources have become more 
fully developed, technological change 
has become a more important source of 
opportunity, keeping vigorous the strong 
ambitions and competitive spirit of early 
days. 

A little more than half a century ago, 
there was widespread belief that, with 
the filling up of the continent and with 
the passing of the frontier, the United 
States would become like Europe with a 
stratified society in which a class strug- 
But this has not 
happened, largely because of the accel- 
erating rate of technological change be- 
ginning about the middle of the 19th 
century. Of course, the accelerating rate 


gle would emerge. 


of technological change did not depend 
to a large extent upon full-time, special- 
research workers until about the 
second quarter of the 20th century. In 


ized 


earlier days, much important research 
was done by brilliant self-trained men 
(“inventors”) and much more work of 
great importance was done by techni- 
cally trained operating men. But though 
many of the operating men did excellent 
research, they were unable to give full 
time to research problems. The recent 
development of full-time, specialized re- 
search must be regarded simply as a far 
more efficient method of doing what in- 
dustry had previously been doing on a 
fairly substantial scale. 

I do not assert that the rise in techno- 
logical research is attributable to the de- 
cline in the rate of population growth 
or to the fact that natural resources had 
become rather well developed. Perhaps 
there was a causal relationship between 
these developments, and perhaps there 
was not. Until these matters are better 
understood, it is preferable to regard the 
timing of the rise of technological re- 
search as a happy accident of history. 

No one, of course, knows what would 
have happened had technological : prog- 





ress made much smaller additions to the 
number of products of industry. Suppose 
that the automobile, the radio, televi- 
sion, a host of household electrical ap- 
pliances, home movie cameras, and other 
things had not been invented and devel- 
oped. Everyday living would obviously 
have been very different from what it is 
now. Perhaps we should have had a civil- 
ization superior to our present one—one 
in which men would be more interested 
in ideas and less interested in things. An 
attempt to argue the pros and cons of 
such issues would take me far afield. It 
is reasonable to suppose, however, that 
a much smaller variety of things to buy 
and to use would have led men to be 
more interested in leisure and less inter- 
ested in income than they are today. The 
working week would have fallen faster. 
The present eager desire for more income 
stems largely from the facts that indus- 
try, through technological research, is 
able to offer the people a much wider 
variety of goods than they are able to 
purchase and that new and improved 
goods are constantly being offered for 
sale. 

Thus, technological research has had 
two offsetting effects on the length of 
the working week. By developing effi- 
cient machinery, it has tended to reduce 
the value of goods relative to leisure and 
to bring about a reduction in the length 
of the work week. By increasing the va- 
riety of goods, it has tended to raise the 
value of goods relative to leisure and to 
retard the drop in the length of the work 
week. Between 1929 and 1956 the pro- 
portion of disposable income spent on 
user-operated transportation, household 
appliances, boats, pleasure craft, sporting 
equipment, radio and television receiv- 
ers, and radio and television repairs in- 
creased from 9.13 percent to 12.7 per- 
cent. Much of the success of these parts 
of industry in getting a larger share of 
incomes after taxes must be explained by 
the development of products and serv- 
ices for which specialized technological 
research is responsible. Thus, technologi- 
cal development has helped to hold 
down personal savings in the face of ris- 
ing per capita real incomes. 


Demand for Capital Goods 


Technological research affects the de- 
mand for capital goods in two ways: by 
developing new consumer goods that re- 
quire new plants and equipment for 
their manufacture, and by the develop- 
ing o° new processes and new equipment 
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that represent opportunities for -invest- 
ment. 

The capacity of technological research 
to create investment opportunities re- 
minds us of how unsatisfactory have been 
the economists’ theories of investment. 
Economists have pretty much taken the 
volume of investment opportunities as 
given and have had little to say about 
the determinants of the volume of in- 
vestment opportunities. There have been 
a few observations about the effects of 
undeveloped natural resources and the 
growth of population upon the supply of 
investment opportunities. Keynes has a 
chapter on the state of long-term expec- 
tations in which he discusses “some of 
the factors which determine the expected 
yield of an asset” (1, p. 147). Among 
the factors determining the prospective 
yield, Keynes mentions “future changes 
in the type and quantity of the stock of 
capital assets.” This is about as near to 
technological research as he gets at any 
point in his book. 

It did not occur to Keynes, any more 
than it has occurred to most other econo- 
mists, that special efforts directed toward 
the specific purpose of creating invest- 
ment opportunities might be fruitful and 
highly profitable and might, indeed, be 
the basis for a large and growing indus- 
try. So low was Keynes’s estimate of the 
capacity of the economy to create invest- 
ment opportunities that he ventured the 
opinion that in a highly developed com- 
munity in which population is not in- 
creasing, the increase in the stock of 
capital might bring down the marginal 
return on capital to approximately zero 
within a single generation (J, p. 220). 
Keynes conceded that the changes in 
technique could in theory postpone this 
result, but his views of practical policy 
indicated plainly that he did not expect 
technological change to avert stagnation. 
According to his view, only a chronic 
government deficit would do the trick. 

At this point we must consider the 
significance of the part of technological 
research that I have called the industry 
of discovery. I have described the prod- 
uct of the industry as knowledge. But 
let us be more specific about this. The 
product of the industry consists in large 
part of investment opportunities. In 
other words, here we have a large and 
rapidly growing industry which is de- 
voted largely to discovering or creat- 
ing investment opportunities. Obviously, 
from now on, economists, in construct- 
ing a theory of investment, must put the 
industry of discovery at the top of the 
list of investment determinants. In an 
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age of research the capacity of the econ- 
omy to discover investment opportuni- 
ties depends in the main upon (i) the 
fund of knowledge that has been accu- 
mulated and is available to be drawn 
on, and (ii) the volume of resources de- 
voted to the industry of discovery. 

Of crucial importance is the question 
of how much larger the industry of dis- 
covery is likely to grow relative to the 
gross national product. Space does not 
permit a rounded discussion of this ques- 
tion, and my limited knowledge of the 
problem restricts me to a few scattered 
observations. The value of the current 
product of the industry of discovery, to 
the community as a whole at least, may 
be expected to grow for the reason that 
I have already mentioned, namely, the 
fact that the greater the population of 
existing truths, the better is the pros- 
pect that any addition to this popula- 
tion will produce useful relationships 
between propositions. But the extent to 
which the industry of discovery can 
profitably grow depends upon (i) the 
extent to which the makers of discov- 
eries can appropriate the gains from 
them, and (ii) the cost of making dis- 
coveries. The time may come within a 
few decades when a further expansion 
of the industry of discovery relative to 
the gross national product is not profit- 
able to private industry. Certainly, the 
scale of research that private industry 
can afford is bound to be far less than 
the amount that would be justified by 
balancing gains to the entire community 
against costs to the entire community. 
But the day when the marginal returns 
of research to private enterprises merely 
balance the marginal costs is undoubt- 
edly some decades away, at least in most 
industries—especially in many industries 
which have not as yet made much of a 
start on specialized research. 


Stability of the Economy 


How will the rise of specialized, tech- 
nological research affect the stability of 
the economy? In general, technological 
research will contribute to stability, 
though it cannot be depended upon 
alone to produce stability. 

The growth of specialized, technolog- 
ical research will promote stability in 
two principal ways. In the first place, 
research tends to introduce into many 
parts of industry the sort of technology 
that must be financed by long-range 
plans which ignore the business cycle. 
In the second place, technological re- 





search greatly increases the number of 
industries in. the economy, and this, in 
itself, is a stabilizing influence. It is diffi- 
cult, if not impossible, to eliminate fluc- 
tuations in the spending of individual in- 
dustries on plant, equipment, and inven- 
tories. Hence, each industry has cycles 
more or less of its own, depending upon 
the value of the accelerator and the mul- 
tiplier in the particular industry and 
upon the sensitivity of the investment 
plans of the industry to outside events. 
The important point is that no two in- 
dustries have the same cyclical patterns 
or the same sensitivity to outside events. 
The larger the number of industries in 
the economy, the greater is the chance 
that the upward and downward move- 
ments of the economy will be sluggish 
resultants of averages derived from the 
nonsynchronized cycles of the many in- 
dustries in the economy. Hence, by add- 
ing to the number of industries, techno- 
logical research tends to moderate the 
cyclical movements of the economy as 
a whole. 

A special word should be added about 
the possibility of technological research’s 
helping industries adapt their current 
production to market changes. The pres- 
ent plight of the automobile industry 
serves to illustrate the point. The tech- 
nology of the automobile industry is of 
such a nature that the industry is from 
two to three years away from its market; 
that is, important changes in models 
need to be frozen anywhere from 2 to 3 
years in advance of the models’ being 
put on sale. In spite of this fact, the 
industry has attempted to develop the 
automobile as a style good, placing 
great emphasis upon year-to-year model 
changes. The industry needs to put its 
engineers hard at work to change its 
technology in ways that will permit 
prompter changes in its models when, 
as in 1958, it misjudges the tastes of 
consumers. There are many other indus- 
tries which could advantageously use 
their engineers to modify their technol- 
ogy to make possible a quicker adapta- 
tion of the industry’s product to changes 
in consumer preferences, and also to 
make possible greater variety in product 
lines at any given moment to meet the 
preferences of minority groups of con- 
sumers. 

The rise of specialized, technological 
research raises important economic ques- 
tions that are interesting, alike from the 
standpoint of practical policy and eco- 
nomic theory. Let me discuss briefly a 
few of these questions. 

1) May technological research be ex- 
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pected to maintain full employment 
fairly steadily by helping the economy 
keep the proper relationship between the 
volume of investment-seeking funds and 
the volume of investment opportunities? 

Will not technological research, by 
raising per capita incomes, create a pro- 
pensity to save that is too large in rela- 
tion to the rate of discovery of new in- 
vestment opportunities? One can say 
that this result is extremely unlikely, 
although one cannot assert that as a 
matter of economic theory it is impos- 
sible. A chronic excessive propensity to 
save could be maintained only through 
a growing desire to hold liquid assets. 
Technological discovery is itself a pow- 
erful enemy of liquidity preference, be- 
cause it is constantly offering people new 
and more attractive goods and services 
to buy and new and more attractive 
ways to use their leisure. Powerful and 
special circumstances would be necessary 
to permit the preference for liquidity to 
prevent people from buying the new and 
more attractive goods and services which 
technological research makes possible. 
Furthermore, the larger the stock of 
automobiles, houses, and household ap- 
pliances, and the greater the use of the 
various services (airplane travel, for ex- 
ample) that technological research has 
made possible, the greater becomes the 
advantage in spending money on re- 
search designed to make the existing 
stocks of goods or existing processes ob- 
solete. And what applies to consumer 
goods applies also to industrial equip- 
ment: the larger the existing supplies, 
the more advantageous it is to expand 
research in order to make these stocks 
obsolete. 

2) In view of the fact that the period 
since 1929 has seen an enormous rise in 
technological research, why have the rate 
of interest and the rate of profit been 
falling? The proportion of gross savings 
to the gross national product was about 
the same in 1956 and 1957 as in 1929: 
about 16.0 percent itt 1929, 15.8 percent 
in 1956, and 15.0 percent in 1957. Never- 
theless, both interest rates and corporate 
profits were considerably lower in 1956 
than in 1929. For example, the return on 
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AAA bonds dropped from 4.73 percent 
in 1929 to 3.36 percent in 1956, and 3.89 
percent in 1957. Corporate profits, after 
corporate income tax liability and after 
inventory valuation adjustment, dropped 
from 6.1 percent of corporate sales in 
1929 to 2.7 percent in 1956. 

The explanation of the drop in inter- 
est and profits is found, I believe, in a 
cost-profit squeeze resulting partly from 
higher corporate profits taxes and partly 
from higher wages. In 1929 corporate 
profits tax liability was 3 percent of all 
income originating in corporate business, 
and in 1956 it was 11.6 percent. And the 
compensation of employees as a percent- 
age of income originating in corporate 
business, less corporate profits tax, was 
76.9 in 1929 and 89.4 in 1956. In a 
nutshell, government and labor just in- 
creased their shares a little too fast for 
the engineers and scientists, reducing the 
proportion of income available for 
profits. 

3) Is there a close relationship be- 
tween the parts of the economy where 
discoveries are made and those where 
increases in productivity occur? There 
is not, and there is no reason why there 
should be. Many of the most important 
technological advances are made in or- 
der to sell more goods—by the suppliers 
of the industry that experiences the gain 
in productivity. The printing industry 
plays only a limited role in developing 
printing presses; the railroads did not 
develop the diesel locomotive (in fact, 
they almost had to be forced to try these 
locomotives); the coal industry does not 
develop the mining machinery that it 
uses. The part of the economy that has 
been gaining most rapidly in produc- 
tivity in recent years has been agricul- 
ture, but the sources of this gain are not 
on the farms. 

4) How great is the need for the sup- 
port of technological research outside 
the industry of discovery, that is, for the 
support of research that has to be justi- 
fied by benefits to the entire community 
rather than by profits to the discoverer 
of knowledge? The answer to this ques- 
tion is fairly plain, and I ask it mainly 
to remind you of its importance. The 
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discovery that an enormous amount of 
research can be carried on for profit is 
surely one of the most revolutionary eco- 
nomic discoveries of the last century, 
and, as I have pointed out, it has en- 
abled research to command far greater 
resources than would otherwise be avail- 
able for it, and has led to the spectacu- 
lar boom in research. But the rapid rise 
of the industry of discovery does not alter 
the fact that the community as a whole 
can afford research on a far larger scale 
than the sum total of the research proj- 
ects that private industry can afford. 

By and large, the government has 
shown a grossly inadequate appreciation 
of the importance of research to the 
community. Government research expen- 
ditures, it is true, are large and have 
been growing rapidly, but they have been 
forced mainly by military considerations. 
The crimes, first of Hitler and later of 
Russia, have forced our government to 
do research that it had lacked the initia- 
tive and imagination to attempt. Fortu- 
nately, much of the military research has 
civilian applications. 

But outside the field of military re- 
search, government support of research 
is only a small fraction of the amount 
that would yield enormous returns to the 
community. Indeed, it is safe to say that 
there is no field where larger government 
expenditures would produce as rich a re- 
turn as greater outlays on research—and 
also on the necessary ioundations for re- 
search, the education of talented people. 
Perhaps it is unreasonable to expect the 
members of Congress and the members 
of legislatures to see this fact clearly 
without assistance from the scientists 
themselves. To help the government 
policy-makers appreciate the nation’s 
need for greatly enlarged government 
research outlays outside the military field 
is one of the responsibilities of the Na- 
tional Science Foundation. It is a great 
national asset that the country ‘has this 
Foundation to help the country make 
wise use of its resources. 


Reference 
1. J. M. Keynes, General Theory of Employment, 
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News of Science 


Young Research Workers Sought 
for Washington Area Laboratories 


The Civil Service Commission has be- 
gun a nationwide search for more than 
200 of the country’s most capable young 
men and women who have recently re- 
ceived their degrees in engineering, 
mathematics, and the physical sciences. 
The applicants, who must pass a newly 
designed examination, will be offered a 
starting salary of $5430 and the oppor- 
tunity to work at research with many of 
the country’s leading scientists in 11 fed- 
eral laboratories in the area of Washing- 
ton, D.C. The new program marks a 
significant departure from standard re- 
cruiting procedure in that it offers higher 
pay, better assignments, and more thor- 
ough and imaginative testing of the ap- 
plicant’s research potential. Further, 
virtually all candidates who meet the 
requirements of the examination will be 
considered for appointment. 


Origins of the Program 


The need for productive and creative 
research personnel is so great, both 
throughout the nation and at the 11 
laboratories, in particular, that the Civil 
Service Commission, in conjunction with 
many government scientists, devised a 
new approach to the problem of recruit- 
ing. While maintaining the old system of 
recruiting by which an applicant is 
judged on the basis of his college record, 
is not required to take an examination, 
receives in most cases a Civil Service 
rating of GS-5 with a salary of $4480, 
and is not assured a research position, 
the commission has created a new cate- 
gory to give the prospective scientific 
employee another option. Under this ar- 
rangement the candidate can choose to 
take the new Research Scientist Exami- 
nation which tests both his knowledge of 
the appropriate subject matter and his 
ability at mathematical formulation. 
Given success in this examination, the 
candidate will be offered appointment 
to Civil Service grade GS-7 with a salary 
of $5430 and can expect assignment to 
one of the 11 Washington area labora- 
tories, working in the research field of his 
choice under top-ranking scientists. The 
new category, with its flexible placement 
policy, offers the candidate, in addition 
to the higher salary, a very good pos- 
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sibility of gaining the advantages that 
lead to what has been called “psychic 
income’—the opportunity to discover 
and to do constructive work on impor- 
tant problems, adequate recognition of 
work well done, a high caliber of super- 
vision, and a reasonable degree of secur- 
ity. 


Research Scientist Examination 


In its effort to identify and then place 
applicants of the ability which it is seek- 
ing, the Civil Service Commission will 
use two examinations and a question- 
naire. All applicants will be required to 
take a subject matter examination in 
either chemistry, physics, or mathemat- 
ics, or a combined physics-chemistry test 
which consists of general physics, quali- 
tative and quantitative analysis, and 
physical chemistry. In addition, all appli- 
cants will be required to fill out a back- 
ground information questionnaire which 
will be used to help the 11 scientific lab- 
oratories decide what type of work 
might be most suitable and attractive to 
eligible candidates. The questionnaire 
will also ask the candidate to indicate 
the kind of research job and the labora- 
tory in which he would prefer to work. 
Because of the limited number of appli- 
cants being sought and the nature of the 
recruiting program—finding persons with 
research potential for research positions 
—the successful applicant will have an 
excellent opportunity for assignment to 
the laboratory and the work he chooses. 

The most significant element of the 
commission’s testing program is the 
mathematical formulation test. This test, 
which will be required of all applicants, 
will attempt to identify those persons 
who have a high degree of potential re- 


search ability. Ten previous studies have . 


been drawn upon by the commission’s 
testing experts to devise this examina- 
tion. In feur studies research workers 
have been examined in conjunction with 
nonresearch workers. In six other studies 
research workers of a high degree of 
creativity and productivity, as identified 
by their supervisors, have been examined 
in conjunction with other research 
workers. Both cases have resulted in the 
identification of stable and significant 
differences between the two groups under 
study. The mathematical formulation 
test will examine for those differences 


and by this means attempt to be predic- 
tive of a given individual’s future re- 
search potential. In later years the com- 
mission will follow the careers of the 
researchers selected under this program 
to check the validity of its predictive 
techniques. 

The test by which the candidate will 
demonstrate his ability to develop the 
mathematical formula needed to solve a 
quantitative problem will consist of 25 
questions of a nature indicated by these 
two examples: (i) A door opening was 
3 feet 9 inches higher than it was wide. 
Which one of the following best expresses 
the area of the door opening, in square 
inches, after the opening has been height- 
ened 2 inches and narrowed 3 inches? 
(x is equal to the original width of the 
door.) 


A) le + (x/w) 
C) 1+ (cw/x) 
E) (l+cx)/w 


B) 1+ (w/cx) 
D) (l+cw)/x 


(ii) The length / of a spiral spring sup- 
porting a pan is increased ¢c centimeters 
for x grams of weight placed on the pan. 
What is the length of the spring if w 
grams are placed on the pan? 


A) Ile + (x/w) B) 1 + (w/cx) 
C) 1+ (cw/x) D) (1 +cw)/x 
E) (1 +cx)/w 


Laboratories 


The federal scientific facilities for 
which research personnel are being 
sought. for career positions in the fields 
of engineering, chemistry, electronics, 
mathematics, metallurgy, and physics are 
currently engaged in a great variety of 
programs. The facilities and some of 
their programs are given below. Their 
locations are shown in Fig. 1. 

David Taylor Model Basin. Located 
6 miles northwest of Washington, the 
David Taylor Model Basin is the largest 
and most completely equipped research 
establishment of its kind in the world. 
The primary mission of the Model Basin 
is to determine from model tests the 
most suitable shapes and forms to be 
adopted for United States vessels, in- 
cluding aircraft. The Model Basin has 
four research laboratories. The hydro- 
mechanics laboratory is concerned with 
the behavior of floating and immersed 
bodies. It also carries on basic and ap- 
plied research in fluid flow and under- 
water sound. The structural mechanics 
laboratory conducts theoretical and ex- 
perimental investigations on problems 
relating to the structural strength of ves- 
sels and equipment and their responses 
to vibration, shock, and underwater ex- 
plosions. 

The aerodynamics laboratory engages 
in applied research and development 
testing to determine and improve the 
aérodynamic characteristics of powered 
and nonpowered models of rotary and 
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fixed-wing aircraft, guided missiles, and 
their components. The applied mathe- 
matics laboratory applies high-speed 
computer techniques to engineering, re- 
search, and logistic problems and carries 
out research in mathematics and in com- 
puter design and techniques. 

Diamond Ordnance Fuze Laborato- 
ries. These Diamond Ordnance Fuze 
Laboratories are the principal research 
laboratories for the Department of De- 
fense in the development of unique types 
of electronic fuzing and related items 
for application to guided missiles and 
other nonrotating projectiles. Research 
programs require the services of elec- 
tronic scientists, physicists, mathemati- 
cians, chemists, and many types of engi- 
neers. The laboratories are located 
adjacent to the National Bureau of 
Standards in residential Washington. 

Current programs include basic and 
applied research in electronic systems 
and components, fabrication and test- 
ing of prototype devices, developments 
of engineering specifications required 
for industrial production. 

Engineer Research and Development 
Laboratories. The U.S. Army Engineer 
Research and Development Laboratories 
perform specialized research essential to 
the defense of the nation. Among cur- 
rent projects is research on optical, me- 
chanical, electronic and analytical meth- 
ods of determining target coordinates 
for surface-to-surface missiles, and for 
photogrammetric mapping. Basic and 
applied research programs are conducted 
on principles, techniques, and materials 
for the detection of buried and sub- 
merged mines. In the fields of radiation 
and illuminations, research at the lab- 
oratories covers phenomena, materials, 
and techniques in the ultraviolet, vis- 
ible, and infrared portions of the electro- 
magnetic spectrum. Long-range research 
on the influence of various energy forms 
such as electromagnetic radiations and 
particle bombardment upon solids is 
being carried on to determine the true 
nature of explosives. An important field 
of applied research is the investigation 
of the effects of atomic, biological, and 
chemical warfare on Corps of Engineers 
equipment.. Applied research is also per- 
formed on gas-generating and storage 
equipment, industrial engines, earth- 
moving operations and winterization, as 
well as on all types of fixed and floating 
bridges. 

National Bureau of Standards. The 
National Bureau of Standards plays a 
unique role in the nation’s scientific 
community. In fulfilling its primary re- 
sponsibility—development and mainte- 
nance of the national standards of 
physical measurement—the bureau has 
become one of the principal federal 
agencies engaged in basic and applied 
research in physics, chemistry, mathe- 
matics, and engineering. More than 
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1100 professional scientific staff members 
perform research on over 1000 tech- 
nical and scientific projects, such as cryo- 
genic engineering; ionospheric, nuclear, 
and solid state physics; optics, and ther- 
modynamics: This broad research pro- 
gram, covering almost every area of the 
physical sciences, including most of the 
specialties in chemistry, classical and 
modern physics, pure and applied math- 
ematics, and metallurgy, offers opppor- 
tunities for the recent graduate to select 
the field of work of his greatest interest. 
The laboratories are located on a 68-acre 
campus-like site in residential, northwest 
Washington. Because the basic program 
of the National Bureau of Standards has 
international significance in the field of 
measurement, scientists at the bureau 
often develop world-wide contacts in 
the course of their careers. 

National Institutes of Health. The 
National Institutes of Health are in 
Bethesda, Md. The seven institutes and 
the clinical center—a 500-bed research 
facility—comprise the major research 
branch of the Public Health Service of 
the Department of Health, Education, 
and Welfare. During the past few dec- 
ades, NIH has conducted research in all 
types of medical and related sciences. 
The major concern is with the chronic 
illnesses—cardiovascular diseases, can- 
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cer, mental and neurological disorders, 
and various rheumatic, metabolic, den- 
tal, and infectious diseases. Research 
chemists, physicists, and electronic sci- 
entists at NIH participate in research in 
every field of scientific endeavor. Serv- 
ing the investigators who plan and con- 
duct research are such auxiliary depart- 
ments as the centralized instrument 
shop, animal production colony, and 
scientific library. 

Naval Air Test Center. The Naval Air 
Test Center located at the mouth of the 
Patuxent River on Chesapeake Bay con- 
sists of 6800 acres of land with facilities 
for landing all types of naval aircraft. 
The diversified test facilities of the 
Naval Air Test Center provide oppor- 
tunities for original contributions in the- 
oretical and experimental development 
of test methods, for design of new instru- 
mentation and facilities, and. for appli- 
cation of data to requirements for future 
airplanes and their equipment. 

Naval Gun Factory. The U.S. Naval 
Gun Factory is the world’s largest naval 
armament plant. It is located in Wash- 
ington, on the banks of the Anacostia 
River and is Washington’s largest indus- 
trial organization. This plant undertakes 
programs related to the development 
and prototype manufacture of under- 
water, surface, and air weapon systems. 
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Fig. 1. Locations of 11 federal research laboratories in the Washington area. The most 


distant is about 50 miles from the Capitol. 
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These programs embrace the research 
and development phases through to tac- 
tical fleet use. Present programs include 
applied research, development, and eval- 
uation of missile launching systems, 
depth bombs, mines, optical equipment, 
and high performance aircraft weapons. 
The Naval Gun Factory conducts re- 
search development and evaluation pro- 
grams on engineering materials and on 
the processing of these materials. The 
Naval Gun Factory is expanding its re- 
search staff in the fields of physics, chem- 
istry, metallurgy, and electrical, -elec- 
tronics, mechanical, and _ materials 
engineering. Diversified programs and a 
progressive management offer excellent 
opportunities for promotion and recog- 
nition in various scientific fields. 

Naval Ordnance Laboratory. The 
Naval Ordnance Laboratory is located 
about 11 miles north of Washington, in 
Silver Spring, Md. Here the Navy has 
established a fully integrated research 
and development facility capable of pur- 
suing weapon development from the first 
feasibility study to the state of readiness 
for combat use. NOL scientists and engi- 
neers conduct and supervise research, 
development, experimental manufac- 
ture, evaluation, pilot production, and 
project assistance both at the laboratory 
and in leading industrial plants of the 
nation, This laboratory conducts a one- 
year professional development program 
for recent graduates wherein they are 
given an opportunity to work in research, 
engineering, and evaluation assignments 
before a determination is made about 
the type of physical science or engineer- 
ing they wish to pursue. The Naval Ord- 
nance Laboratory also has a graduate 
training program coordinated with the 
University of Maryland in which an 
M.S. and Ph.D. degree may be obtained. 
The majority of the courses are taught 
at NOL. 

Naval Proving Ground. The Naval 
Proving Ground is engaged in develop- 
ing new and improved types of naval 
ordnance through research and develop- 
ment programs in the fields of mathe- 
matics, physics, chemistry, metallurgy, 
and engineering. Efforts are devoted not 
only to developing ordinary weapons 
such as guns, projectiles, rockets, and 
bombs, but also to developing the new- 
est types of weapons which represent 
the application of the latest advances in 
science to problems in ordnance. Ex- 
tensive experimental and testing equip- 
ment is developed and used in the nu- 
merous laboratories of the proving 
ground. There is a continuing need for 
well-qualified persons in the field of 
mathematics, physics, chemistry, metal- 
lurgy, mechanical engineering, elec- 
tronic science, aeronautical engineering, 
and electrical engineering. The Naval 
Proving Ground is situated on the Vir- 
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ginia side to the Potomac River, ap- 
proximately 50 miles south of Washing- 
ton and 30 miles from Fredericksburg, 
Va. 

Naval Propellant Plant. The Naval 
Propellant Plant, located about 20 miles 
south of Washington, is engaged in re- 
search on and development of propel- 
lants for guided missiles, rockets and 
guns, and in the techniques for load- 
ing these into rocket motors. The plant 
is also engaged in the development and 
use of production techniques for the 
manufacture of the propellants and for 
the loading of the rocket motors for 
most of the Navy’s rockets and guided 
missiles. The Propellant Plant is organ- 
ized and equipped to study all phases of 
propellant research and development, 
including the synthesis of new formula- 
tions, the improvements of present pro- 
pellant compositions and configurations, 
the production of pilot “lots” of new 
propellants for developmental and eval- 
uation purposes, and the conduct of sur- 
veillance studies on the stability of pro- 
pellants and propellant formulations. 

Naval Research Laboratory. The 
Naval Research Laboratory, which is 
located on the banks of the Potomac 
River in southwest Washington, conducts 
applied research and development to 
meet immediate needs of the Navy and 
engages in fundamental research in an- 
ticipation of future needs. A listing of 
the scientific fields—applications, _ re- 
search, astronomy, astrophysics, chemis- 
try, electricity, mathematics, mechanics, 
metallurgy, ceramics, nuclear and 
atomic physics, radio, solid-state physics, 
and sound—indicates the breadth of this 
program. Research equipment at NRL 
is modern, extensive, and is supple- 
mented by complete shop facilities for 
the construction of scientific apparatus 
and models. 


The President and 
Scientific Information 


The President approved a plan on 7 
December that is designed to help meet 
the critical needs of the nation’s scien- 
tists and engineers for better access to 
the rapidly mounting volume of scien- 
tific publication. 


NSF Information Service 


Acting upon the recommendations of 
his Science Advisory Committee, the 
President directed that the National Sci- 
ence Foundation take the leadership in 
bringing about effective coordination of 
the various scientific information activi- 
ties within the Federal Government. The 
President asked that all federal agencies 
whose programs involve scientific infor- 
mation cooperate with and assist the Na- 
tional Science Foundation in improving 





the government’s own efforts in this area. 

The action by the President strength- 
ens and reinforces the provision of the 
National Mefense Education Act of 1958 
calling for the establishment of a Sci- 
ence Information Service in the National 
Science Foundation to “provide, or ar- 
range for the provision of, indexing, ab- 
stracting, translation, and other services 
leading to a more effective dissemination 
of scientific information, and undertake 
programs to develop new or improved 
methods, including mechanized systems 
for making scientific information avail- 
able.” 

The committee urged that fullest use 
be made of existing information services, 
both public and private, and that the 
foundation’s Science Information Service 
supplement rather than supplant present 
efforts. 


Dimensions of Publication 


James R. Killian, Jr., special assistant 
to the President for science and tech- 
nology and chairman of the Science Ad- 
visory Committee, commented on the 
growing dimensions of world scientific 
publication and pointed out that it has 
become a problem requiring action at 
the national level. Killian said: 

“Science and engineering are largely 
built on the published record of earlier 
work done throughout the world. There 
are for example, 55,000 journals appear- 
ing annually, containing about 1,200,000 
articles of significance for some branch 
of research and engineering in the physi- 
cal and life sciences. More than 60,000 
different books are published annually in 
these fields, while approximately 100,000 
research reports remain outside the nor- 
mal channels of publication and catalog- 
ing. Within this vast body of world-wide 
scientific information, published and un- 
published, lie the technical data that sci- 
entists need in order to do their work. 
The situation is further complicated by 
the fact that a large and important pro- 
portion of the world’s scientific literature 
appears in languages unknown to the.ma- 
jority of American scientists, such as 
Russian and Japanese.” 

In its recommendations, the Presi- 
dent’s Science Advisory Committee out- 
lines a program calling for the review, 
coordination, and stimulation, on a na- 
tionwide basis, of activities in the areas 
of primary and secondary publications, 
scientific data centers, unpublished re- 
search information, storage and retrieval, 
and translation by mechanical means. 


New Agency Unnecessary 


No new agency will be required to 
carry out the recommended program. 
Under its enabling act, the National Sci- 
ence Foundation has devoted special at- 
tention to the information needs of sci- 
entists. and has developed a series of 
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programs designed to help meet those 
needs. 

At least ten other federal agencies are 
engaged in abstracting and indexing, 
translating, preparation of technical re- 
ports, and research related to informa- 
tion needs. These agencies are asked to 
cooperate in providing or arranging for 
acquisition and reference programs, 
clearinghouse functions, and evaluation 
studies of existing programs. Research on 
new and improved methods of informa- 
tion handling will be emphasized, and 
the Department of State will take the 
lead in encouraging cooperation among 
the United States, foreign, and interna- 
tional scientific information organiza- 
tions. 


Subcommittee on Scientific Information 


The President’s Science Advisory 
Committee considered the whole prob- 
lem of such importance that earlier this 
year it appointed a special subcommit- 
tee to consider the subject at length. 
Headed by W. O. Baker, vice president 
(research), Bell Telephone Laboratories, 
the subcommittee comprises the follow- 
ing members: Curtis Benjamin, presi- 
dent McGraw Hill Book Company; Cary! 
P. Haskins, president, Carnegie Institu- 
tion of Washington; Elmer Hutchisson, 
director, American Institute of Physics; 
Warren C. Johnson, dean, Division of 
Physical Sciences, University of Chi- 
cago; Don K. Price, dean of the School 
of Public Administration and Littauer 
professor, Harvard University; H. Sco- 
ville; and Alan T. Waterman, director, 
National Science Foundation. 

In submitting its findings, the sub- 
committee paid special tribute to the 
work of individual scientists and engi- 
neers in selecting, interpreting, and ab- 
stracting scientific and technical infor- 
mation. It noted the fact that the services 
rendered by many of the scientific socie- 
ties and professional institutions to the 
scientific community in the information 
field are world famous for their quality. 
It expressed the hope that such private 
groups would continue to cooperate with 
and assist the Federal Government in the 
achievement of long-range solutions to 
scientific information problems. The sub- 
committee’s conclusions form the basis 
for the recommendations submitted to 
the President by the Science Advisory 
Committee. 


Pioneer III 


The United States space probe rocket 
Pioneer III, which was fired from Cape 
Canaveral, Fla., on 6 December, reen- 
tered the atmosphere and burned up due 
to aerodynamic heating on 7 December, 
after a flight of 38 hours, 6 minutes. Wil- 
liam H. Pickering, director of the Jet 
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Propulsion Laboratory, operated by Cali- 
fornia Institute of Technology for the 
National Aeronautics and Space Admin- 
istration, made the following statement 
about the results of the flight. 

“Pioneer III . . . provided us with an 
unexpected dividend of information of 
great value. The Puerto Rico Tracking 
Station was in contact with Pioneer III 

. until it fell below the Puerto Rico 
horizon on its long journey back to earth. 
Puerto Rico lost the signal from the 
probe . . . when it was approximately at 
2000 miles altitude above the earth over 
French Equatorial Africa. 

“This means, of course, that the tele- 
metry from the probe was heard by 
Puerto Rico as the probe passed through 
the radiation belt discovered by the Ex- 
plorer satellites. The telemetry tapes 
from Puerto Rico for both the launch 
and the trip back to earth show solid 
data which will give us, for the first 
time, information as to some of the 
energy levels in the radiation belt as well 
as some idea of the physical limits of the 
belt. 

“While the results of the launch of 
Pioneer were disappointing to the en- 
gineering specialists in that the probe did 
not reach the moon, the scientific benefit 
to be obtained from this dividend of two 
long instrumented passes through the Van 
Allen radiation belt more than compen- 
sates for this disappointment. 

“T am greatly pleased with this signif- 
icant result of the experiment, as well as 
by the evidence that the tracking net- 
work proved itself most efficiently. The 
large computer at the Jet Propulsion 
Laboratory in Pasadena was able to pre- 
dict most accurately the time and place 
when Pioneer III would rise like a star 
on the horizon so that the tracking an- 
tenna at Goldstone and Puerto Rico 
could be positioned to receive the signal. 

“Telemetry also shows that the method 
used by JPL to control the interior tem- 
perature of the instrumentation also 
worked perfectly. White paint was used 
on the outer surface of the probe to con- 
trol the amount of heat received from 
the sun and the amount radiated to 
space. In order to preserve the instru- 
mentation, it was necessary to control 
the temperature within 10 and 50 de- 
grees Centigrade. Telemetry shows that 
the temperature reached 43 degrees Cen- 
tigrade (100 degrees Fahrenheit) shortly 
after launch and remained at that level 
throughout the life of the probe.” 


AAAS Board of Directors 


The Council of the American Asso- 
ciation for the Advancement of Science 
has elected Chauncey D. Leake, assistant 
dean of the College of Medicine at Ohio 
State University, as president-elect of the 


Association. Leake has been a member 
of the Board of Directors since 1955, a 
member of the Publications Committee 
since 1955, and chairman of the Com- 
mittee on the Social Aspects of Science 
since 1957. In 1942 and 1954 he served as 
vice president and chairman of Section 
L—History and Philosophy of Science. 

H. Bentley Glass, professor in the de- 
partment of biology at Johns Hopkins 
University, was elected as a member of 
the Board of Directors, and Margaret 
Mead, associate curator of ethnology at 
the American Museum of Natural His- 
tory, was elected to a second 4-year term 
on the board. 

The new officers will begin their terms 
on 15 January 1959. 


Grants, Fellowships, and Awards 


General. The National Academy of 
Sciences—National Research Council has 
announced a program of postdoctoral 
resident research associateships to be of- 
fered for 1959-60. The participating lab- 
oratories are the National Bureau of 
Standards (Boulder, Colo., and Wash- 
ington, D.C.) ; the Naval Ordnance Lab- 
oratory (White Oak, Silver Spring, 
Md.); the Naval Research Laboratory 
(Washington, D.C.) ; the Navy Electron- 
ics Laboratory (San Diego, Calif.) ; and 
the U.S. Army Chemical Corps Biologi- 
cal Warfare Laboratories (Fort Detrick, 
Frederick, Md.). 

The Air Research and Development 
Command is also participating in this 
program at four Air Force installations. 
These associateships are tenable at Air 
Force Cambridge Research Center (Bed- 
ford, Mass.); Air Force Missile Devel- 
opment Center (Alamogordo, N.M.); 
Rome Air Development Center (Rome, 
N.Y.); and Wright Air Development 
Center (Dayton, Ohio). In addition, the 
ARDC is sponsoring a program of post- 
doctoral university research associate- 
ships tenable at 21 universities in the 
United States. 

The resident research associateships 
have been established to provide young 
scientists of unusual ability and promise 
an opportunity for advanced training in 
basic research in a variety of fields. Mod- 
ern facilities are available in specified 
areas of the biological, physical, and 
mathematical sciences, and engineering. 
In addition to the above, research in cer- 
tain areas of psychology is available. 

Applicants must be citizens of the 
United States. They also must produce 
evidence of training in one of the listed 
fields equivalent to that represented by 
the Ph.D. or Sc.D. degree and must have 
demonstrated superior ability for cre- 
ative research. Remuneration for these 
associateships is from $5985 to $7510 a 
year, subject to income tax. 
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Application materials may be secured 
by writing to the Fellowship Office, Na- 
tional Academy of Sciences—National 
Research Council, 2101 Constitution 
Ave., NW, Washington 25, D.C. Appli- 
cations must be filed at the Fellowship 
Office before 19 January 1959. Awards 
will be announced about 1 April by the 
participating laboratories and research 
centers, 

Teaching. The National Science Foun- 
dation has announced the initiation, on 
an experimental basis, of a program to 
encourage appropriate groups to set up 
specially devised study opportunities in 
the fields of science and mathematics for 
secondary school students of high ability. 
Proposals are invited from colleges, uni- 
versities, and nonprofit research organi- 
zations for the summer of 1959. Pro- 
posals sponsored by secondary schools 
are not eligible under this program. 
However, the facilities of secondary 
schools can be utilized in college-spon- 
sored, off-campus programs where this 
is mutually acceptable. 

A wide variety of programs will be 
supported, including but not limited to 
one or more of the following features: 
classwork, laboratory visits, field trips, 
special orientation lectures in the fields 
of scientific endeavor, and research par- 
ticipation activities in which students 
work with experienced scientific investi- 
gators. 

Under this program foundation sup- 
port may include expenses of some or all 
of the student participants for room, 
board, travel (including commuting), 
and other essential items. Support may 
also be given for costs of the sponsoring 
institution. Direct may include 
fractions of staff salaries properly at- 
tributable to the program, payments to 
high school science teachers as auxiliary 
participants and counselors, and other 
necessary administrative expenses and 
supply costs. 


costs 


Proposal for 1959 summer programs 
of this type must be received not later 
than 5 January 1959 by the Special Proj- 
ects in Science Education Section, Divi- 
sion of Scientific Personnel and Edu- 
cation, National Science Foundation, 
Washington 25, D.C. Suggestions for 
the preparation of proposals are avail- 
able from the same source. 

Travel grants. The National Science 
Foundation will award individual grants 
to assist in defraying travel expenses for 
a limited number of scientists to the fol- 
lowing scientific meetings: International 
Conference on Coordination Chemistry, 
sponsored by IUPAC, London, 6-11 
April 1959—application deadline, 19 
January 1959; International Symposium 
on Electrolytes, sponsored by the Italian 
Society for the Progress of Science, Tri- 
este, 4-8 June 1959—application dead- 
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line, 2 February 1959; International 
Symposium on Fluorine Chemistry, spon- 
sored by the Chemical Society of Lon- 
don, Birmingham, England 15-17 July 
1959—application deadline, 2 February 
1959; Meeting of the European Molecu- 
lar Spectroscopy Group, Bologna, Italy, 
24-29 August—application deadline, 2 
February 1959; 17th International Con- 
gress of Pure and Applied Chemistry, 
Munich, Gremany, 30 August-6 Sep- 
tember 1959—application 
February 1959. 


deadline 2 


Scientists in the News 


CHIEN-SHIUNG WU, professor of 
physics at Columbia University, is to re- 
ceive the 1958 Research Corporation 
Award for her valuable contribution to 
the knowledge of beta-decay and _par- 
ticularly for her part in research that re- 
sulted in the overthrow of the “parity 
law.” Dr. Wu is the first woman to re- 
ceive the annual $2500 award, which will 
be presented in January. 

The recently held parity law stated 
that objects which are mirror images of 
each other must behave in the same way. 
Tsung-Dao Lee, of Columbia, and Chen 
Ning Yang, of the Institute of Advanced 
Study at Princeton, N.J., Dr. Wu’s Nobel 
Prize-winning collaborators, suggested 
that the validity of the law in weak in- 
teractions should be checked. Dr. Wu, 
together with coworkers, devised and 
carried out an unequivocal proof and 
thus backed up the Lee-Yang contention 
with experiments that proved the failure 
of the law. Her experiments were con- 
ducted with the cooperation of Ernest 
Ambler and co-workers at the U.S. Bu- 
reau of Standards in Washington, D.C. 


THOMAS B. MAGATH,, senior con- 
sultant in clinical pathology, Mayo 
Clinic, and professor of clinical pathol- 
ogy, Mayo Foundation, University of 
Minnesota, was awarded the Ward Bur- 
dick Medal “for the most meritorious 
contribution to Clinical Pathology” at 
the recent meeting of the American So- 
ciety of Clinical Pathologists. He deliv- 
ered the Burdick lecture on “The Antigen 
of Echinococcus.” 


E. TRIER MORCH, professor of sur- 
gery and director of the section on anes- 
thesiology at the University of Chicago 
for the past 6 years, has been made chief 
and professor of anesthesiology at Cook 
County Hospital, Chicago. 


ROBERT E. MAIZELL has_ been 
named to the staff of the American In- 
stitute of Physics to direct research on 
the problems of publishing and documen- 
tation in the field of physics. Maizell, who 





has been in charge of the Research Li- 
brary of the Olin Mathieson Chemical 
Corporation’s Industrial Chemical Di- 
vision in Niagara Falls, N.Y., is at the 
institute under a grant from the National 
Science Foundation and supplementary 
funds from the Atomic Energy Commis- 
sion. 


Colonel JOHN H. RUST, chief of the 
veterinary pathology section of the 
Armed Forces Institute of Pathology, re- 
tired on 1 December and has become a 
member of the staff of the Massachusetts 
Institute of Technology. There he is to 
serve as director of a recently inaugur- 
ated research project sponsored by the 
Atomic Energy Commission that relates 
to new and extended uses for radioiso- 
topes in the food industries. His new 
duties will necessitate extended travels 
in the United States previous to making 
his headquarters in Cambridge, Massa- 
chusetts. 


HOWARD GEST, associate professor 
of microbiology at Western Reserve Uni- 
versity, has been appointed professor of 
microbiology in the Henry Shaw School 
of Botany at Washington University, St. 
Louis. 


The New York Academy of Medicine 
has announced that HUBERTUS 
STRUGHOLD, professor of space medi- 
cine and adviser for research, U.S. Air 
Force School of Aviation Medicine, Ran- 
dolph Air Force Base, San Antonio, Tex., 
will deliver the 1959 Hermann M. Biggs 
Memorial Lecture. The lecture, which 
will be on space medicine, will be pre- 
sented on the evening of 5 February at 
the academy headquarters in New York. 
The Biggs lecture was established in 1925 
by the family of H. M. Biggs, who served 
as health commissioner of both New 
York City and New York State and was 
responsible for many important advances 
in public health practice. He died in 
1923; 


C. WARREN THORNTHWAITE, 
director of the Laboratory of Climatol- 
ogy, Centerton, N.J., has been awarded 
the American Geographical Society’s 
Cullum Geographical Medal. The 
award is made for exceptional research 
in the field of geography. It will be for- 
mally presented at a dinner of the society 
in New York on 20 January. 

Thornthwaite is the originator of a 
system for classifying climates that has 
been adopted by scientists in many parts 
of the world. He is also noted for his ex- 
perimental studies of the effects of mi- 
croclimatic conditions on plant growth 
and crop yields. These studies have 
proved highly successful in their appli- 
cation to commercial market gardening. 
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Book Reviews 


Brighter Than a Thousand Suns. A per- 
sonal history of the atomic scientists. 
Robert Jungk. Translated by James 
Cleugh. Harcourt, Brace, New York, 
1958. xiv +369 pp. $5. 


This is a thoroughly bad book which 
is so interestingly written that it is sure 
to be widely read, and thus to make a 
large contribution to spreading confusion 
and erroneous views about its subject. It 
is a story of the development of nuclear 
physics, through the war-time atomic 
bomb project, the postwar political strug- 
gles for domestic and international con- 
trol of atomic energy, the controversy 
about H-bomb development, and the 
Eisenhower-Strauss persecution of Rob- 
ert Oppenheimer. The book was first 
published in Germany and has already 
been published in translation in Eng- 
land. 

It abounds with interesting anecdotes. 
But it is such a sloppy job that there is 
some serious error in nearly every one of 
the anecdotes about incidents of which 
I have personal knowledge. This leaves 
me quite without confidence in the cor- 
rectness of the others. But the anecdotes 
are not important: they are just the spice 
that gulls the reader along so the author 
can slip in his thesis, with slanted writing 
in place of evidence. 

The book is devoted to propagandiz- 
ing the view that is stated in the opening 
paragraph of Chapter 7: “it seems para- 
doxical that the German nuclear physi- 
cists, living under a saber-rattling dicta- 
torship, obeyed the voice of conscience 
and attempted to prevent the construc- 
tion of atom bombs, while their profes- 
sional colleagues in the democracies, who 
had no coercion to fear, with very few 
exceptions concentrated their whole ener- 
gies on production of the new weapon.” 

The proposition that “good” German 
scientists sabotaged the Nazi war effort 
in this respect is first explicitly stated on 
page 88 and developed to the end of 
Chapter 6. The thesis is that Werner 
Heisenberg and C. F. von Weizsacker, as 
heads of the German uranium project, 
deliberately refrained from development 
of the bomb. A careful reading of these 
pages shows no real evidence in support 
of this thesis. Jungk says (page 88): 
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“Most of those concerned have them- 
selves preferred, for the sake of discre- 
tion and tact, to restrict mention of this 
delicate affair to a somewhat narrow cir- 
cle.” Clearly this statement is intended 
to influence the reader not to expect evi- 
dence, inducing him to understand why 
none exists, and therefore uncritically to 
accept the thesis on the basis of Jungk’s 
reiterated assertion of it. 

Several pages are taken up with a nar- 
ration of a visit which Heisenberg made 
to Niels Bohr in Copenhagen in October 
1941. Jungk calls this visit “a little- 
known peace feeler.” Continuing (page 
99) he writes: “By the expedient of a 
silent agreement between German and 
Allied atomic experts, the production of 
a morally objectionable weapon was to 
be prevented.” After a long build-up that 
this was the purpose of Heisenberg’s 
talk with Bohr, however, Jungk has 
finally to say: “But unfortunately he 
never reached the stage of declaring 
frankly that he and his group would do 
everything in their power to impede the 
construction of such a weapon if the 
other side would consent to do likewise.” 

After some more talk Heisenberg 
“nerved himself to assure the other with 
all the emphasis at his command that he 
knew it to be perfectly possible to pro- 
duce such a weapon and that it could 
actually be manufactured, if a very great 
effort were made within a short time.” 
On pages 102-104 is published a post- 
war letter from Heisenberg to Jungk 
about this incident. Nothing in this letter 
supports Jungk’s thesis that the German 
scientists were trying to make an agree- 
ment with Allied scientists not to go 
ahead with bomb developments. Heisen- 
berg merely says: “We did not know a 
process for obtaining uranium 235 with 
the resources available under war-time 
conditions in Germany, in quantities 
worth mentioning.” Nothing in the letter 
supports the view that the Germans were 
not working at it wholeheartedly with the 
limited means at their disposal. 

If in fact Heisenberg did intend to ask 
Bohr to get-the Allies to refrain from 
developing an atom bomb, the available 
data are equally capable of being inter- 
preted as having a pro-Nazi motivation: 
knowing that the means required for 


making an atomic bomb exceeded avail- 
able German capability, then the next 
best thing in a strictly military sense 
would be to strike a moral pose and con 
the Allies into not making the bomb 
either. Such moral poses were commonly 
used by the Nazis who said they oper- 
ated their slaughter-houses for Jews in 
an effort to purify the race. 

From page 104 on, the thesis is re- 
garded as established. Moral disapproval 
of the Allied scientists is then developed 
throughout the rest of the book. 

As one who was deeply involved in the 
American program, I can say that every- 
one was primarily motivated by the fear 
that in Hitler’s hands atomic bombs 
could lead him to achieve his goal of 
world domination. Austria, Czechoslo- 
vakia, Yugoslavia, Poland, Russia, Den- 
mark, Norway, Sweden, Holland, Bel- 
gium, France, and the aerial raids on 
England: who can forget the threat to 
civilization of those Nazi hordes equipped 
only with “diplomacy” and “conven- 
tional” weapons? What might they not 
have accomplished with atomic bombs a 
thousand times more powerful than the 
TNT blockb:sters? In the given situa- 
tion, the highest morality, as we saw it, 
demanded devotion to the defeat of that 
terrible enemy. 

In the postwar period, most of the 
atomic scientists have given much of 
their time and energy to alerting their 
fellow-men to the catastrophic dangers 
for humanity involved in a third World 
War—in preparation for which the 
major powers are spending such vast 
sums in their insane race toward doom. 
For such moral services to mankind, 
many of them have suffered and will 
suffer much more than those Germans 
who now are constructing a legend that 
their very real collaboration with Hitler 
was only a pretense. 

In a wider sense, the most wicked 
thing about this book is its specious sin- 
gling out of the atomic scientists for 
moral condemnation. All war, all hatred, 
all strife of any kind, is immoral. All 
human beings who do not work actively 
for peace and justice and brotherhood 
among men are the guilty ones, and alas, 
they are many. And they are guilty if 
they work so delicately “for the sake of 
discretion and tact” that their efforts 
have no noticeable effect whatever. 

It is unfortunate that no group of 
really competent historians has yet un- 
dertaken to write a thorough, critical 
history of the fateful events surrounding 
the development of atomic weapons and 
the social and political problems to 
which their development has given rise. 
Time is moving on, memories of the liv- 
ing are fading, many of the principals 
are already dead, so the task becomes in- 
creasingly difficult. Does it become a 
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proper subject for historical research 
only after it is too late to do it properly? 
Lacking such a careful job, many will 
have to rely on Jungk’s book for one ver- 
sion of the exciting and important story. 
But—caveat emptor. 

E. U. Conpon 
Department of Physics, 
Washington University 


Negroes and Medicine. Dietrich C. 
Reitzes. Published for the Common- 
wealth Fund by Harvard University 
Press, Cambridge, Mass., 1958. xxxi + 
400 pp. $7. 


This book is the result of a research 
project conducted under the auspices of 
the department of sociology of the Uni- 
versity of Chicago, through a grant from 
the Rockefeller Foundation. Reitzes di- 
rected the project and edited the find- 
ings. 

The study is a systematic one, divided 
into two parts. The first part analyzes the 
enrollment patterns of Negroes in the 
nation’s medica) schools and compares 
the performance of Negroes on the Med- 
ical College Aptitude Test with that of 
white students and of applicants who 
were rejected. It points out the under- 
graduate origin of Negroes in the medi- 
cal schools and indicates the changing 
pattern toward integration in the study 
of medicine. 

Part I presents evidence which reveals 
that Negroes compare unfavorably with 
white medical applicants in Medical 
College Aptitude Test scores; that the 
rejected applicants of predominantly 
white schools compare well with appli- 
cants accepted in medical colleges whose 
primary orientation is toward Negroes; 
and that Negroes who are graduates of 
predominantly white premedical colleges 
are more readily accepted by white med- 
ical colleges than are those applicants 
who are graduates of schools oriented 
primarily toward Negroes. 

Moreover, the median scores of stu- 
dents accepted at Meharry Medical Col- 
lege on the regional support plan are 
generally lower than the median scores 
of noncompact students who succeed in 
gaining admission. Despite the lower 
scores, the Negroes admitted to white as 
well as to Negro medical schools usually 
complete their studies and qualify for 
practice. The scores on aptitude tests re- 
flect cultural differences between the 
two groups which stem from dualism. 

The study indicates that a larger num- 
ber of Negroes are being admitted to in- 
tegrated medical colleges than in the 
past, but that the population is increasing 
faster than the rate of admissions, so that 
the critical plight of Negroes with re- 
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spect to medical services is not being 
alleviated. 

Contributing the largest number of the 
students who are admitted to Meharry 
Medical College, and also heading the 
list of Negro colleges in terms of its con- 
tribution of Negro students to white 
medical schools, is the small college of 
Morehouse. It ranks third in the total 
number of graduates accepted for the 
study of medicine at Howard Univer- 
sity. It would appear that the climate 
and emphasis at Morehouse College 
might well be the key to a more general 
remedial measure in correcting the criti- 
cal shortages in medicine. 

The second part of the book is con- 
cerned with patterns of behavior in sam- 
pled communities in regard to hospital 
practices for internships, residencies, and 
staff affiliations. It also samples prac- 
tices in regard to integration in medical 
societies and relationships in the area of 
specialization in medicine. It indicates 
improvement in professional opportuni- 
ties for Negroes in internships, residen- 
cies, and staff affiliations. At the lower 
level of medical training and practices, 
the barriers are not as great as they are 
at the upper levels. 

In communities which lack approved 
quasi-integrated hospitals, Negroes have 
not qualified in large numbers for board 
specialties. Where these hospitals have 
been late in developing, as in Atlanta, 
status and lack of intern training op- 
portunities have postponed, if they have 
not entirely blocked, improvement of the 
qualifications of the Negro doctor. 

This book will serve as a useful source 
of data for observing patterns of changes 
affecting the study and practice of medi- 
cine in various types of communities as 
well as on a nationwide basis. It presents 
these data lucidly and authoritatively 
and is therefore a valuable reference for 
persons interested in the field of race 
relations. 

SAMUEL M. Nasrir 
Texas Southern University 


A Field Guide to Reptiles and Amphib- 
ians of Eastern North America. Roger 
Conant. Houghton Mifflin, Boston, 
1958. xv +365 pp. Illus, $3.95. 


The appearance of another—the 
twelfth—in the “Peterson Field Guide 
Series” is always a happy event for out- 
door naturalists. This one covers 505 spe- 
cies and subspecies, of which 320-odd 
are reptiles. All but one—the rare 
leatherback turtle—have been illustrated 
from life, with drawings made from pho- 
tographs by Isabelle Hunt Conant. More 
than 400 of these are in color, also from 
life. 





Since the use of color for identifica- 
tion of “herptiles” is made tricky by the 
ability of some of them to change color 
from minute to minute, and since the 
field guide is like others in the series in 
relying heavily upon illustrations, special 
care has been given to pointing out simi- 
lar species. Forty pages of distribution 
maps will help, too, in locating the right 
name and corresponding information for 
a specimen in hand. 

Conant shows particular concern with 
handling specimens in such a way as 
neither to hurt the “herptile” nor en- 
danger the holder. Yet he realizes that 
most specimens will be identified at far 
closer range than any bird, and that 
many a field naturalist will wish to keep 
specimens alive in captivity for further 
observation. For these reasons he in- 
cludes short sections on the capture and 
care of specimens and on the treatment 
of snake bite. 

Lorus J. MILNE 
Marcery MILNE 
Department of Zoology, 
University of New Hampshire 


Quantitative Plant Ecology. P. Grieg- 
Smith. Academic Press, New York; 
Butterworths, London, 1957. x + 198 
pp. Illus. $6. 


Ecologists are attempting to describe 
communities and organism-environment 
relationships in more quantitative terms 
in order to meet the demands of ecosys- 
tem analysis and to place more of eco- 
logical investigation on an experimental 
basis. This book is an up-to-date survey 
of problems encountered in the quanti- 
tative approaches to plant ecology. The 
discussions in the book will be of inter- 
est to all biologists concerned with or- 
ganism-environment relationships, espe- 
cially to those working with organisms in 
noncontrolled environments. 

This book has a balance of viewpoints 
that keeps the discussion in terms that 
are meaningful to ecologists. Apprecia- 
tion for the service role of mathematical 
tools is complemented by an awareness 
of the large number of variables and their 
complex relationships in all problems re- 
lating to communities of organisms. The 
author recognizes the need for the full- 
est possible knowledge of the biology of 
individual species, and also for contin- 
ued use of empirical approaches and ap- 
proximate methods in poorly understood 
areas of investigation. Although the dis- 
cussion focuses on problems with plants, 
the author draws upon much of the per- 
tinent work in animal ecology. 

The survey begins with examination 
of quantitative descriptions of vegeta- 
tion, problems of sampling, and compar- 
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ison of results of different groups of ob- 
servations. It then moves on to tests of 
association between species and theoreti- 
cal approaches to the ecological concept 
of associations. Correlation of vegetation 
with habitat factors is treated according 
to different combinations of quantitative 
and qualitative data relating to plant 
and environmental factors. Floristic com- 
position, species-area relationships, and 
other features of plant communities are 
considered in a separate chapter on 
quantitative aspects of phytosociology. 
The final chapter is a well-presented 
summary of the author’s views on the 
quantitative approach to plant ecology, 
including interesting observations on the 
meaning of pattern as elucidated in 
quantitative studies. 

All ecologists are more or less con- 
cerned with the quantitative approach 
as it is discussed in this book. Many will 
find the book a useful guide to recent 
progress and a thought-provoking cri- 
tique of major problems in quantitative 
aspects of plant ecology. 

WituiAM S. BENNINGHOFF 
Department of Botany, 
University of Michigan 


Methods of Biochemical Analysis. vols. 
5 and 6. David Glick, Ed. Interscience, 
New York, 1957; 1958. ix+502 pp. 
$9.50; ix+358 pp. $8.50. 


This series constitutes a valuable con- 
tribution to biochemistry. Its objectives 
are to discuss the recent developments in 
biochemical methodology, to evaluate 
critically the available procedures, and to 
give detailed instructions for the method 
or methods of choice. For the most part, 
the editors and the contributors should 
be commended for their success in car- 
rying out these objectives. 

These two volumes are worthy addi- 
tions to this series. Volume 5 should be 
of particular value to biochemists inter- 
ested in the microanalysis of metallic 
ions, since it contains a chapter on “The 
micro determination of cobalt in biologi- 
cal materials,” with emphasis on the 
spectrographic procedures; an excellent 
review of “Activation analysis and its 
application in biochemistry”; and a dis- 
cussion of “Contamination in trace ele- 
ment analysis-and its control.” This vol- 
ume also contains chapters on “Assay 
methods for cholinesterases,” “Biological 
standards in biochemical analysis,” “a- 
Keto acid determinations,” “Chemical 
determination of estrogens in human 
urine,” and “Infrared analysis of vita- 
mins, hormones and coenzymes.” Vol- 
ume 6 should be of particular interest to 
purine and pyrimidine biochemists, since 
it includes chapters on the “Chemical 
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determination of nucleic acids,” “Micro- 
biological assay of nucleic acids and their 
derivatives,’ and “New methods for 
purification and separation of purines.” 
The other chapters are “Determina- 
tion of formaldehyde and serine in bio- 
logical systems,” “Assay of serotonin 
and related metabolites,” ‘“Determina- 
tion of transaminase,” “Determination of 
thiamine,” “Glycolipid Determination,” 
“Determination of hexosamines,” and 
“Electrophoresis in density gradients 
combined with pH and/or conductivity 
gradients.” 

The reviews are logically organized, 
well documented, and clearly written. 
These two volumes should be valuable 
to the research biochemist as reference 
books. As an aid to their use, each vol- 
ume has a subject index, an author in- 
dex, and a cumulative title index. How- 
ever, no cumulative subject index has 
been included. 

James R. GILLETTE 
Laboratory of Chemical Pharmacology, 
National Heart Institute, 
National Institutes of Health 


New Books 


Angler’s Guide to the Salt Water Game 
Fishes, Atlantic and Pacific. Edward C. 
Migdalski. Rondla, New York, 1958. 516 
pp. $7.50. 

Atlas of Microorganisms, The Penicillia. 
Shigeo Abe. Kin-Ichiro Sakaguchi, Ed. 
Kanehara Shuppan Co., Tokyo, Japan, 
1957 (order from Matthews Book Co., St. 
Louis 4, Mo.). 336 pp. $20. 

Brave New World Revisited. Aldous 
Huxley. Harper, New York, 1958. 147 
pp. $3. 

Catalogue of the Type. Specimens of 
Microlepidoptera in the British Museum 
(Natural History) described by Edward 
Meyrick. Tortricidae, Olethreutidae, Noc- 
tuidae. J. F. Gates Clarke. British Museum 
(Natural History), London, 1958. 600 
pp. £6. 

Catalysis. vol. 6, Alkylation, Isomeriza- 
tion, Polymerization, Cracking and Hy- 
droreforming. Paul H. Emmett, Ed. Rein- 
hold, New York; Chapman & Hall, Lon- 
don, 1958. 712 pp. $19.50. Contents: 
“Catalytic alkylation. of paraffins with 
olefins” (Robert M. Kennedy), “Cataly- 
tic isomerization of hydrocarbons” (F. E. 
Condon), “Mechanisms of polymer for- 
mation and decomposition” (R. Simha 
and Leo A. Wall), “Polymerization of 
olefins” (A. G. Oblad, G. A. Mills, Heinz 
Heinemann), “Catalytic cracking” (Her- 
vey H. Voge), and “Catalytic reforming 
of pure hydrocarbons and petroleum 
naphthas” F. G. Ciapetts, R. M. Dobres, 
R. W. Baker). 

The Chemical Prevention of Cardiac 
Necroses. Hans Selye. Ronald, New York, 
1958. 244 pp. $7.50. 

Collecting, Preserving and Studying 
Insects. Harold Oldroyd. Macmillan, New 
York, 1958. 327 pp. $5. 


Electronic Aviation Engineering. Peter 
C. Sandretto. International Telephone 
and Telegraph Corp., New York, 1958. 
781 pp. $9.50. 

Elementary Matrix Algebra. Franz E. 
Hohn. Macmillan, New York, 1958. 316 
pp. $10. 

Emergency War Surgery. U.S. Armed 
Forces issue of NATO Handbook prepared 
for use by the medical services of NATO 
nations. U.S. Department of Defense, 
Washington, 1958 (order from Supt. of 
Documents, GPO, Washington 25). 422 
pp. $2.25. This handbook was developed 
by a committee of three surgical consult- 
ants representing the military medical 
services of France, the United Kingdom, 
and the United States, assisted by observ- 
ers and the written recommendations from 
other NATO countries. The material used 
was obtained from authors and publica- 
tions of many NATO countries. 

Experiments in General Chemistry. 
Joseph B. Nordmann and Ernest S. Kul- 
jian. Burgess, Minneapolis, Minn., 1958. 
162 pp. 

The Fossil Book. A record of prehis- 
toric life. Carroll Lane Fenton and Mil- 
dred Adams Fenton. Doubleday, New 
York, 1958. 495 pp. $12.50. The Fossil 
Book relates the story of life during the 
past 2 billion years. It is a collector’s 
guide that tells what fossils are and where 
to find them. 

Geology of the Great Lakes. Jack L. 
Hough. Univ. of Illinois Press, Urbana, 
1958. 331 pp. $8.50. 

The Health of a Nation. Harvey W. 
Wiley and the fight for pure food. Univ. 
of Chicago Press, Chicago, IIl., 1958. 342 
pp. $6. 

The Illustrated Library of the Natural 
Sciences. vols. 1-4. Simon and Schuster, 
New York, 1958. 3042 pp. $19.95 until 25 
Dec.; $25. This four-volume survey of the 
world of nature—over a million words 
and more than 3000 pictures—covers 
every field of natural science. From the 
first entry, Aardvark, to the last, Zebra, 
the alphabetically arranged volumes pro- 
vide entertainment and_ information. 
Among the outstanding contributors are 
Marston Bates, William Beebe, Alfred 
Emerson, Homer E. Newell, Jr., and 
George Gaylord Simpson. 

Immunology and Development. Mac V. 
Edds, Jr. Univ. of Chicago Press, Chicago, 
Ill., 1958. 69 pp. $2.50. 

Internal Conversion Coefficients. M. E. 
Rose. North-Holland, Amsterdam; Inter- 
science, New York, 1958. 182 pp. $6.25. 

Introduction to the Theory of Sound 
Transmission. With application to the 
ocean. C. B. Officer. McGraw-Hill, New 
York, 1958. 292 pp. $10. 

Linear Operators. pt. 1, General Theory. 
Nelson Dunford and Jacob T. Schwartz. 
Interscience, New York, 1958. 872 pp. 
$23. 

Living Birds of the World. E. Thomas 
Gilliard. Doubleday, New York, 1958. 400 
pp. $12.50. Gilliard, associate curator of 
birds at the American Museum of Natural 
History, discusses all the known bird 
families and subfamilies and almost 1500 
species.. 
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X-ray Visualization and Analysis 
of Multicomponent Subjects 


Abstract. The information carried by 
x-rays showing the distribution of each 
material of which a subject is assumed to 
be composed is distributed on separate 
films by means of a controlled variation 
in composition of the scanning radiation. 
The beam is modulated, for example, by 
simultaneous motion of several wedges. 
The method is useful in quantitative x-ray 
analysis and as a system for making radio- 
graphs predominantly sensitive to one 
material in the subject. 


The usual radiographic methods dis- 
card information by lumping the effects 
of the subject on a number of x-ray wave- 
lengths into a single monochrome display 
(black and white radiograph). Some ad- 
ditional information about subject ab- 
sorption and its rate of change with wave- 
length can be presented to the eye in the 
form of a colored image or print that is 
formed from “separation negatives” 
made by taking two or three radiographs 
with differing incident x-ray wavelength 
distributions (1). A possibility exists for 
the study of a many-component system in 
which each component is separately 
mapped for distribution density, the sur- 
vey of all components taking place simul- 
taneously. 

This method can most conveniently be 
understood as a generalization of a sim- 
ple scheme. Suppose a 1nonochromatic 
x-ray beam traverses a wedge of some 
material and then falls upon an intensity 
detector whose output controls the wedge 
position in such a way as to bring the 
detected intensity to a preset value. Then 
if a sample of this same material is also 
inserted in the beam, the wedge will 





Instructions for preparing reports. Begin the re- 
port with an abstract of from 45 to 55 words. The 
abstract should not repeat phrases employed in 
the title. It should work with the title to give the 
reader a summary of the results presented in the 
report proper. (Since this requirement has only 
recently gone into effect, not all reports that are 
now being published as yet observe it.) 

Type manuscripts double-spaced and submit one 
ribbon copy and one carbon copy. 

Limit the report proper to the equivalent of 
1200 words, This space includes that occupied by 
illustrative material as well as by the references 
and notes, 

Limit illustrative material to one 2-column fig- 
ure (that is, a figure whose width equals two col- 
umns of text) or to one 2-column table or to two 
l-column illustrations, which may consist of two 
figures or two tables or one of each. 

For further details see “Suggestions to Contrib- 
utors” [Science 125, 16 (1957)] 
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Reports 


move out in such a way as to leave the 
total amount of this material in the beam 
fixed. The distance the wedge moves out 
is proportional to the amount of the ma- 
terial introduced. The motion can be re- 
corded on a film as a variable darkening, 
and scanning the subject thus provides a 
radiograph showing the over-all distribu- 
tion of this material. The same thing 
is true if there are j wavelengths, each 
maintained at constant intensity, and j 
materials. Each wedge will then move 
independently of the rest to indicate the 
amount of its material in the subject. 
The motion of all the other wedges can- 
cels fluctuation in amount of substances 
other than the one of interest. There 
result } monochrome images for later in- 
dividual study, each depicting the dis- 
tribution of one material. This can be 
considered either as a method of quanti- 
tative analys 
ography. 

It is possible to prove that under equi- 
librium conditions there is a unique end- 
point. In the proof one also finds the 
condition that substances be considered 
distinct and thus distinguishable. In Fig. 
1 is shown a schematic representation 
of the system. Each of the j wavelengths 
m is assumed to be attenuated to a fixed 
intensity fraction k by 
ject and wedges. If u,,,, 
coefficient of the nth material for the 
mth wavelength, then there is one equa- 
tion for each 4 that expresses the out- 
going intensity in terms of the traversed 
thickness of each of the materials: 


or as a method of radi- 





traversing the sub- 
is the absorption 


J 
>- nm tn = log kun 
n=1 


Thus there are j simultaneous algebraic. 


equations in the thicknesses of the j ma- 
terials (wedge plus wedge-material in the 
subject). The quotient of two determi- 
nants gives the value of ¢ traversed in 
any one material. One of the determi- 
nants is made up of the w’s and the other 
is made up of the w’s and k’s, and thus 
each t is a number (a constant). This 
shows that, at equilibrium, the total 
amount of each material in the beam is 
individually constant. Thus, for example, 
if 1 g/cm? of a material is present in the 
unknown, then that wedge will move out 
by an amount exactly equivalent to 1 
g/cm?. 





The previous is true if the coefficients 
of ¢t are such that no two equations are 
“derived equations.” This gives the pre- 
cise definition with which the term “dis- 
tinct materials” is here used. The ob- 
served laws of x-ray absorption are such 
that different elements tend to be dis- 
tinct. Essentially two materials are dis- 
tinct if their absorption curves, as a 
function of wavelength, do not have pairs 
of proportional ordinates in the range of 
wavelengths used. 

The greater the differences in the way 
absorption varies between the materials, 
the greater are the unbalance signals. 
Thus, for maximum sensitivity, it is ad- 
vantageous to work around absorption 
discontinuities or edges. 

The control signal to any one wedge 
will vanish at equilibrium if it is any lin- 
ear combination of the error signals from 
the detectors. Circuitry that worked in a 
two-wedge experiment will be cited, but 
the best general system for good transient 
response has not yet been fully investi- 
gated. Though it does not assure that a 
corrective signal will be applied only to 
the wedge that is out of position, it does 
seem desirable that the signal to any one 
wedge be made of a sum of the photo- 
tube signals, each weighted by the u of 
that wedge for the A in question. This 
directs corrective effort at a given } 
predominantly to the material which 
most affects this A, rather than encourag- 
ing large excursions by the other wedges. 

The j wavelengths can either follow 
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Fig. 1. If the wedges move so that the in- 
tensity of each emerging x-ray is constant, 
then each wedge position indicates the 
amount of its material at the traversed 
place in the subject. For example, if there 
are three wedges and three wavelengths, 
then by scanning the subject, one obtains 
three maps or radiographs, each depicting 
the distribution of one of the three ma- 
terials in the subject. 
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each other in succession onto one detec- 
tor or they can all act simultaneously 
onto j detectors. The beams must all 
traverse the same region of the subject 
and so, because of this and drift consid- 
erations, a single detector is felt to be 
best even though some sort of memory or 
gating circuit is then required. 

A piece of equipment already under 
construction in Sweden for a related op- 
eration was modified as a joint effort to 
test this new principle. The experimental 
arrangement and some results have been 
given (7). In this case the scheme was 
adapted to the detection of iodine (either 
the quantitative analysis of that nor- 
mally present in human beings, or the 
sensitive mapping of a standard x-ray 
contrast medium). The two wedges were 
made of iodine and of plastic, the latter 
being similar to soft tissue. The mono- 
chromatic wavelengths were supplied al- 
ternately by a pair of rotating secondary 
emitters (fluorescent radiation). These 
wavelengths were chosen to fall just on 
opposite sides of the iodine k absorption 
edge for maximum sensitivity. 

The position of the plastic wedge was 
automatically adjusted through suitable 
gating circuits to bring the longer wave- 
length always to a preset intensity value. 
The a-c component in the detector sig- 
nal, as the two wavelengths alternated, 
was brought to zero by control of the 
iodine wedge position. This then brought 
the intensity of the shorter wavelength 
also to the preset value. The two wedges 
steadily hunted, at slightly different fre- 
quencies, in a small range about their 
proper positions, as hoped. Wedge posi- 
.tion was used to control the frequency of 
a flashing light which blackened a film 
during the scanning process. Thus the 
iodine distribution was mapped. 

Jacobson independently reported some 
observations with the unit (2) and noted 
that fat does not seem to act like water. 
Thus three wedges would be more suit- 
able. He noted that 1 g of fat per square 
centimeter acted like 0.5 mg of iodine 
per square centimeter. 

Nonuniform irradiation of the subject 
—for example, by applying most of the 
dose around the edges of the structure 
can reduce the total dose to a subject in 
producing a given image quality; but 
constant-output intensity systems such as 
the present one tend to minimize dose 
(3). Another property of such systems 
is that they can be compensated against 
source-intensity fluctuations with an aux- 
iliary detector and difference amplifier, 
rather than with a ratio detector. 

From dose considerations this proced- 
ure is most practical in human beings for 
the relatively heavy elements because the 
lighter ones demand “soft” highly ab- 
sorbed wavelengths, if use is to be made 
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of absorption edges. Possibly heavier ele- 
ments should be used in ¢ontrast media 
for this reason (at least for use in retro- 
grade application). A similar system may 
have application in the ultraviolet, and 
the optical analog sis sometimes a con- 
venient guide to thought (4). 

R. Stuart Mackay 
Radiological Research Laboratory, 
University of California 
Medical Center, San Francisco 
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Geochemical Scavenging 
of Strontium 


Abstract. Crandallite, an abundant min- 
eral belonging to the alunite structure 
type, is a geochemical host for ordinary 
strontium in the soil profile and the deeper 
ground-water circulation. It may be useful 
in the scavenging or storage of the radio- 
isotopes of strontium and certain other 
elements. 


The chemical action by ground waters 
of the deeper meteoric circulation and of 
the zone of weathering on pre-existing 
rocks results in the formation of second- 
ary minerals appropriate to the new en- 
vironmental conditions. Certain of the 
minerals of the original rock that are 
resistant to chemical attack also may ac- 
cumulate as residual deposits, and other 
material may be yielded in soluble form 
and ultimately removed in the surface 
drainage. 

Elements present in trace amounts in 
the original rock, if not removed in solu- 
tion, may be concentrated and rede- 
posited locally by the ground waters 
either as specific compounds or in solid 
solution in variable amounts in certain 
other more abundant minerals. Adsorp- 
tion and cation-exchange mechanisms 
also may be operative. The natural geo- 
chemical and crystallochemical behavior 
in the ground-water circulation of stron- 
tium and of other trace elements of in- 
terest in connection with radioactive 
wastes and fallout may be informative in 
relation to the artificial storage or scav- 
enging of the radioisotopes of these ele- 
ments in ways that involve geological 
environments and materials. 

With regard to strontium, the hitherto 
known host minerals for this element are 


operative chiefly in the magmatic and 
sedimentary cycles. A few, such as mem- 
bers of the aragonite and barite structure 
types, are of consequence in the deeper 
ground-water circulation. None of these 
minerals normally form in, or are stable 
in, the soil profile, where they could act 
as hosts, and it has been generally be- 
lieved that strontium released during 
weathering is retained in soluble form in 
the soil waters. 

Recently, it has been established (/) 
that minerals of the alunite structure type 
also are specific geochemical hosts for 
strontium. Crandallite, CaAl,(PO,), 
OH) ;H.O, is of particular interest. In 
crandallite deposits of the deeper circula- 
tion, such as those of the Fairfield, Utah, 
type, where descending phosphatic solu- 
tions derived from marine phosphate- 
rock formations have reacted with argil- 
laceous limestone, the crandallite is en- 
riched in strontium. Crandallite develops 
analogously in the soil profile during the 
weathering of phosphatic limestone and 
marine phosphorites. The occurrence of 
crandallite in this way has been recog- 
nized only in recent years (2), and little 
is known of the extent of such occur- 
rences over the world. The surficial cran- 
dallite deposits of one area in the Florida 
Gulf coastal region have been estimated 
at upwards of 800 million tons. The Sen- 
egal deposits are larger and have been 
mined for their phosphate content, but 
the resources are not known. Although 
the available data are very scant, the 
Senegal crandallite contains up to at 
least 0.50 percent SrO by weight, and it 
appears to be enriched in Sr over the 
phosphate rock from which it was de- 
rived. 

The formation of crandallite by na- 
tural processes in the zone of weathering 
is restricted to areas of favorable bedrock 
and ground-water composition, and the 
mineral is not a constituent of soils in 
general. However, since it is stable under 
neutral and alkaline conditions, it proba- 
bly would remain unchanged, without 
further control of the soil pH, if added 
to most soils. The availability of the 
mineral and its known ability to house 
strontium by both crystallization and 
cation-exchange mechanisms suggests 
that it possibly may be of interest as a 
scavenger in arable soils and as a vehicle 
for the storage of radioactive wastes. 
Knowledge of areas in which crandallite 
is a natural constituent of the soil profile 
would be pertinent to any general study 
of the distribution of strontium between 
the hydrosphere, the lithosphere, and 
vegetation. 

In the alunite structure type (3), the 
monovalent and divalent ions are held in 
relatively open 12-coordinated positions 
that are very tolerant with regard to both 
the size and the valence of the contained 
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ions. These ions include Sr, Pb, Ba, Ca, 
Cs, K, Na, NH,, Ag, and Ce. Among 
them are several elements of interest 
with respect to radioactive wastes and 
fallout. The alunite type of structure is 
suited to the housing of relatively large 
cations, and it is primarily this factor that 
accounts for the observed preferential 
substitution of Sr for Ca in crandallite 
over coexisting Ca minerals, such as cal- 
cite and apatite, in which the cation co- 
ordination number is smaller. 

Crandallite readily exchanges Ca for 
dissolved Sr. Since the 12-coordinated 
cation sites are not interconnected, as are 
the sites in cation-exchangers of the chan- 
neled zeolitic and layered phyllosilicate 
types, the exchange is limited to surface 
positions. For example, a freshly pre- 
pared gel of synthetic crandallite, a gel 
coarsened to microscopic crystals by hy- 
drothermal treatment at 250°C,. and 
crude Senegal crandallite rock crushed 
to pass 200 mesh were placed in 0.02M 
solutions of strontium nitrate. The 
amounts of solution and of solid phase 
were adjusted so that each contained the 
same number of Ca and Sr ions. In neu- 
tral and weakly alkaline solutions the 
percentages of exchange between Ca and 
Sr in the three preparations were roughly 
31, 18, and 4 percent, respectively. Below 
pH 6.5 the amount of exchange decreases 
markedly. Natural crude Senegal cran- 
dallite rock was found to have an appre- 
ciable acidity-reducing capacity, presum- 
ably due to admixed basic aluminum 
phosphates and silicates. The reverse ex- 
change, that of Ca for Sr in crystalline 
SrAl,(PO,).(OH);H,O, was found to 
be quite small, in line with the relative 
solubilities and ionic adsorptive powers 
of Ca and Sr in general. 

The mineral apatite, Ca,;(PO,), 
(OH), also takes up Sr in solid solution 
and has an appreciable adsorptive capac- 
ity for Sr in neutral solutions. The known 
reserves of natural phosphate rock (apa- 
tite) -have been estimated at upwards of 
40 billion tons suitable for conventional 
commercial applications. Apatite, how- 
ever, is soluble in alkaline and carbon- 
ated ground waters and, unlike crandal- 
lite, is removed from the soil profile. Ad- 
mixture of this mineral with crandallite 
as a top dressing might be useful both in 
controlling pH and in transiently afford- 
ing ordinary Sr to the ground water. 
Natural phosphate rock contains roughly 
0.01 to 0.20 per cent SrO by weight. The 
Sr and the Ca afforded by dissolution 
may act as a diluent for Sr®° available to 
plant life either directly from the ground 
water or by biochemical decomposition 
of the scavenger mineral. 

CuiFForD FRONDEL 
Department of Mineralogy, 
Harvard University, 
Cambridge, Massachusetts 
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Rate of Swelling of Collagen 


Abstract. The osmotic pressure gradient 
across the collagen soiid matrix-solution 
interface forces the solid to imbibe fluid 
and thereby increases its volume. Concur- 
rently, the decrease in entropy of the solid 
matrix produces a force which tends to 
resist any further increase in volume. The 
instantaneous velocity at which the swell- 
ing takes place is related to the difference 
between the osmotic and entropic forces. 
Finally, an explicit relationship is obtained 
between volume and time. 


Swelling is an important property of 
polymers and is an outstanding charac- 
teristic of collagen. The two types which 
can be distinguished are (i) osmotic and 
(ii) lyotropic (bond scission). In type i 
the matrix imbibes fluid due to an os- 
motic pressure gradient across its solid- 
solvent interface; the restraining pressure 
of the matrix finally equals the osmotic 
pressure so that an equilibrium is at- 
tained. Certain fluids react with the 
matrix so as to loosen bonds (type ii); 
the swelling then proceeds to a greater 
extent because the restraining pressure 
of the matrix is reduced. 

In a polyelectrolyte such as collagen, 
the equilibrium swelling volume depends 
upon the pH of the solvent (7). A mini- 
mum of swelling occurs near the isoelec- 
tric point, whereas pronounced swelling 
develops in the acid and alkaline pH 
regions. Acetic acid, particularly, is ef- 
fective in both the solubilization and 
swelling of collagen. 

Studies of types i and ii have been 
done particularly from measurements 


based on equilibrium swelling. Little at- ° 


tention has been given to the rate of the 
swelling process. The purpose of this re- 
port is to describe a rate mechanism of 
the swelling process which embodies both 
osmotic and lyotropic attributes of the 
system, collagen—acetic acid—water. 
The isoelectric point of limed hide 
powder collagen is about pH 5.5. When 
this is placed in water, hydrogen ions 
leave the matrix to a certain extent and 
dissolve in the interstitial water phase. 
The matrix becomes an anion and its 
counter-ion is trapped inside. When it 
is placed in dilute acetic acid at pH 2 





to 3, hydrogen ions are forced on to the 
matrix which thereby becomes a cation; 
its counter-ion again is trapped inside. 
This description of type i may be for- 
mulated to give the pressure inside the 
matrix which produces swelling—that is, 


x=nRT/V=A/V, 


where x is the osmotic pressure of the 
interstitial fluid phase of volume V for n 
moles of ions at a temperature T. Since 
the gas constant (R), n, and T are in- 
dependent of the volume they may be 
combined to form A. The increased vol- 
ume of the matrix forces random chains 
of collagen to become more uniformly 
aligned, with a subsequent decrease in 
their entropy. This reduction in entropy 
causes an increase in the matrix pressure 
which resists further volume increases. 
The retarding pressure of the matrix 
may be considered to be linearly related 
to its volume—that is, P= aV, where « is 
a constant characteristic of the matrix 
restraining ability. The rate of change of 
volume with time can now be stated as 
being proportional to the difference in 
osmotic pressure x and the restraining 
pressure P in Eq. 1. 


dV/dt =k(m-P) =k(A/V-aV) (1) 
At swelling equilibrium Eq. 1 equals 


zero. Thus, Eq. 2 shows the dependence 
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Fig. 1. Volume of 100 mg of hide powder 
collagen as a function of time in water and 


in 0.1 and 0.5M acetic acid at tempera- 
ture 23° to 25°C. 
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Table 1. Values of constants. 





Acetic acid 








Con- Water 
stant 0.1M 0.5M 
es 0.29 2.17 3.30 
Va* 0.72 4.00 5.42 
0.0025 


2ak 0.0018 


0.0025 


of the equilibrium volume Ve on the 
parameters A and a. 


Va= (A/a)” (2) 


When Eq. 1 is integrated and solved ex- 
plicitly for V2, Eq. 3 is obtained. 


V2=Val- (Vet Vaten2%t (3) 


If measurements of V2 are made at suffi- 
ciently short times so that e~2°** can be 
approximated by (1 —2akt), then Eq. 4 
is formed. 


V?= Vo? + (Vo? — Vo") 2akt (4) 


The following is an application of this 
theory to the swelling data of collagen in 
water and dilute acetic acid (0.1 to 
0.5M). 

One hundred milligram samples of 
hide powder collagen (2) were placed in 
15-ml graduated centrifuge tubes. Then, 
10 ml of water or dilute acetic acid was 
added. The tube was shaken for 2 to 3 
minutes and spun at 3000 rev/min for 
10 minutes to pack the swollen fibers. 
The volume of the sediment was then 
read to the nearest 0.1 ml, and the mix- 
ture was shaken again for 2 to 3 minutes. 
It was allowed to settle until the next 
Volume was read. This process was re- 
peated at 30-minute intervals during the 
initial stages of swelling but later at 
longer intervals. Water and aqueous so- 
lutions of acetic acid (0.1 to 0.5M) 
were used to swell collagen at tempera- 
tures of 23° to 25°C. The force and 
time at which the samples were centri- 
fuged determines the volume of the sedi- 
ment. However, both of these factors 
were constant throughout the study. 

In Fig. 1 the volume of collagen is 
shown as a function of time for swelling 
in water and in 0.1 and 0.5M acetic acid 
at 23° to 25°C. The experimental data 
were plotted according to Eqs. 4 and 5 
and were in conformity with the theo- 
retical requirements except at zero time. 
The latter points always deviated from 
theoretical. The interpretation is given 
that collagen swells in two steps. In- 
itially, the fibers imbibe solvent at a 
rapid rate until they reach the volume 
V,. Thereafter, they swell from V, to Vo 
by the proposed osmotic mechanism. 
Table 1 shows the values of the constants 
determined for the swelling of collagen 
in water and dilute acetic acid. The in- 


26 DECEMBER 1958 





fluence of solvent on Ve is probably due 
to a reduction in a by the more active 
acetic acid, Since 2ak showed only slight 
alteration with solvent, then, the specific 
rate constant k must have been elevated 
in acetic acid in comparison to water. 
V, presumably is also a measure of col- 
lagen solvation and its swelling by a par- 
ticular solvent. In going from water to 
0.5M acetic acid, the greater V, could 
be due to a discharge of carboxylate- 
basic salt-links. The lower pH of the 
acetic acid solutions would free the ionic 
attraction of chains previously bound by 
such bridges. 

An analysis of the sorption of water 
by rubber (3) similarly was based on the 
osmotic pressure gradient of a solvent in 
the matrix as presented by Testor. If Vo 
were considerably greater than V5, the 
rubber swelling equation would be iden- 
tical with that for collagen. It appears 
then that processes other than Fick dif- 
fusion mechanisms determine the swell- 
ing and sorption in some types of poly- 
mers. 

Harry R. ELpEN 
Howard Hughes Medical Institute, 
Miami, Florida 
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Measurement of Precipitin 
Reactions in the Millimicrogram 
Protein-Nitrogen Range 


Abstract. Exploitation of newer instru- 
mentation and a dye-binding method for 
protein measurement made possible reduc- 
tion in volume down to 1/1000 that com- 
monly used, with no greater error. The 
procedure was tested at two levels, 1- and 
10-1 volumes, with human gamma globu- 
lin and rabbit antiserum. Of the dyes 
tested, bromsulfalein proved best for the 
protein estimation. 


The value of a method which would 
require a few drops to less than one drop 
of blood for replicate measurements of 
the precipitin reaction, particularly in 
pediatric practice and for studies with 
small laboratory animals, is obvious. 
Such a method should also be applicable 
to the microsamples involved in certain 
quantitative histo- and cytochemical 
studies. Exploitation of newer instrumen- 
tation (1) and a dye-binding method for 
determination of protein in millimicro- 
gram amounts (2) made it feasible to 
modify and scale down the commonly 
used procedure, involving the so-called 
“micro” Kjeldahl analysis of the antigen- 
antibody precipitate (3), to the level re- 
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Fig. 1. Dye-binding of bovine serum albu- 
min in 1 mg per 100 ml of bromsulfalein 
(Hynson, Westcott, and Dunning) and 
other dyes (Hartman-Leddon), at pH 2. 


quired. With the method herein de- 
scribed, interaction of 10 ul of antigen 
solution with 10 ul of antiserum provides 
over 1 ml of colored solution for final 
measurement. Since this measurement 
can be carried out on Jess than 10 ul [for 
example, with the Beckman DU spectro- 
photometer adapted to microcuvettes 
(1)], it should be possible to use volumes 
of antigen and antiserum down to 0.1 ul, 
although in this study volumes down to 
only 1 wl were used. A comparison of four 
acid dyes previously employed for pro- 
tein measurement or dye-protein binding 
studies (2, 4) was included in this inves- 
tigation (5). 

For the dye preparations used, maxi- 
mal absorbance was given at the wave- 
lengths shown in Fig. 1, and maximal 
binding to bovine serum albumin (Ar- 
mour, fraction V) was obtained at pH 
2 in 0.1M citric acid-sec phosphate buf- 
fer. Readily available albumin was used, 
since the dye-binding is comparatively 
nonspecific. The data in Fig. 1 were ob- 
tained by mixing 50 ul of buffered dye so- 
lution (12 mg/100 ml) with 20 ul of 
albumin solution and letting the mixture 
stand for 15 minutes, centrifuging it at 
3000g for 5 minutes, adding 60 ul of the 
clear supernatant to 0.5 ml of distilled 
water, and measuring the absorbance. A 
blank was prepared by replacing the al- 
bumin solution with water. The dye con- 
centrations listed in Fig. 1 are those of 
the blank solutions. Commercial dye 
preparations were used without further 
purification, since this sufficed for the 
practical purposes at hand. Dye-binding 
was linear at low albumin concentrations 
in all cases, but only bromsulfalein main- 
tained linearity over the whole range 
tested; in fact, under the conditions of 
tissue analysis, its linearity extends to 
2.25 ug of protein-nitrogen, with a re- 
duced slope (2). Although both Amido 
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Fig. 2. Comparison of the Kjeldahl (x) 
and bromsulfalein (@)) methods for mea- 
suring precipitate as a function of quantity 
of antigen (human gamma globulin) in 
the precipitin reaction with rabbit anti- 
serum. Values from the Bromsulfalein 
method were multiplied by 100 to make 
them comparable to the Kjeldahl data. 
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Black 10B and Orange I exhibited ap- 
proximately the same change in absorb- 
ance per unit protein over their linear 
ranges as bromsulfalein, their linearity 
was confined to a short range, making 
bromsulfalein preferable for analytical 
work. 

The agreement between the Kjeldahl 
method for determining the amount of 
antigen-antibody precipitate and_ the 
bromsulfalein method is apparent in Fig. 
2. The procedure for the latter method, 
which follows, differed from that for the 
former in the use of volumes 100 times 
smaller. Ten microliters of rabbit anti- 
serum to human gamma globulin was 
placed in each of a series of glass tubes 
27 mm long and of 4-mm inner diame- 
ter. Ten microliters of the gamma globu- 
lin in 0.9-percent sodium chloride (10 
dilutions were used over the range 4.3 to 
47 mug/ul) was added to each tube and 
mixed. Each concentration of globulin 
was set up in triplicate, and blanks were 
included in which 0.9-percent sodium 
chloride was substituted for the globulin 
solution. The tubes were held at 37°C 
for 1 hour and transferred to a refrigera- 
tor for 7 days’ storage at 2°C, during 
which time the precipitates were care- 
fully resuspended once each day by 
gently tapping the tubes so as to prevent 
precipitate from lodging on the walls 
above the liquid. The tubes were then 
centrifuged at 2°C for 1 hour at 3800g 
in a microcentrifuge (6). The superna- 
tant fluid was withdrawn by a micro- 
pipette and discarded, 15 wl of cold 
0.9-percent sodium chloride was added, 
and the precipitate was resuspended by 
“buzzing’—that is, vibrating the vessel 
by touching its side near the bottom to 
a flattened nail spinning in the chuck of 
a high-speed hand drill—and then recen- 
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trifuged as before. A second washing of 
the precipitate was carried out in the 
same manner, and then the precipitate 
was used for protein-nitrogen measure- 
ment. A check of the procedure revealed 
that a third washing was without influ- 
ence. 

The “micro” Kjeldahl analysis of pro- 
tein-nitrogen was conducted in the stand- 
ard fashion. The dye procedure was car- 
ried out as follows. The precipitates in 
the tubes were dried in a vacuum desic- 
cator. The protein was dissolved in 20 ul 
of 1N sodium hydroxide by mixing, let- 
ting the mixture stand for 30 minutes, 
and again mixing. Fifty microliters of 
bromsulfalein reagent (1 ml of 5-percent 
dye plus 100 ml of 1N hydrochloric acid 
plus 50 ml of 1M citric acid plus distilled 
water to a final volume of 250 ml) was 
added and mixed. ‘The tubes were cen- 
trifuged at room temperature for 5 min- 
utes at 3800g. Sixty microliters of super- 
natant was withdrawn and added to 1 
ml of 0.1N sodium hydroxide. After 
mixing, the absorbance was measured at 
580 mu, and the protein-nitrogen was 
calculated as described earlier (2 

To test the precision of the dye 
method, the entire procedure was _ re- 
peated nine times; a single gamma glob- 
ulin solution was used (43 mug/ul), 
and all volumes were reduced to 1/10 
the volumes used in the earlier tests- 
that is, 1 ul of antiserum and 1 ul of 
gamma globulin were used. Tubes 27 
mm long and of 2.5-mm inner diameter 
were employed. A mean value of 233 
mug of protein (standard deviation and 
error, 10.4 and 4.7 percent, respectively 
was obtained. 

Davip Guick 
Ropert A. Goon 
LEONARD J. GREENBERG 
JENNIFER J. Eppy 
Noorsisi K. Day 
Histochemistry Laboratory, Department 
of Physiological Chemistry, and 
Department of Pediatrics, University 
of Minnesota Medical School, 
Minneapolis 


References and Notes 


1, D. Glick, J. Histochem. and Cytochem. 5, 539 
(1957). 

2. S. N. Nayyar and D. Glick, ibid. 2, 282 (1954). 

3. R. Markham, Biochem. J. 36, 790 (1942); E. 
A. Kabat and M. M. Mayer, Experimental 
Immunochemistry (Thomas, Springfield, IIl., 
1948). 

4. C. M. Plum, L. Hermansen, I. Peterson, Scand. 
J. Clin. @ Lab. Invest. Suppl. 18 (1954); D. B. 
Wetlaufer and M, A. Stahmann, J. Am. Chem. 
Soc. 80, 1493 (1958); E. Fredericq, Bull. soc. 
chim, Belges 65, 644 (1956). 

5. This study is No. LV in the Studies in Histo- 
chemistry series; it was supported by research 
grants from the U.S. Public Health Service 
[RG3911, H2028, H2085], the Louis W. and 
Maud Hill Family Foundation, and the Ameri- 
can Heart Association. 

6. The microcentrifuge used in these experiments 
was provided by the Microchemical Specialties 
Co., Berkeley, Calif. 


4 August 1958 





Hypothalamic Lesions and Sexual 
Behavior in the Female Rat 


Abstract. This study reports selective 
effects on the mating pattern of the female 
rat of partial destruction of the hypothala- 
mus. Independent neural control of the 
ovarian cycle and of the mating response 
are demonstrated. Both depressed and 
augmented female sexual activity are re- 
ported. 


Several studies have suggested the im- 
portance of the hypothalamus in the 
regulation and control of sexual behavior 
(1-5). Most previous work reporis dimi- 
nution or abolition of mating behavior 
following interference with hypothalamic 
structures. The effect is usually ascribed 
to disturbances in the production of the 
gonadotrophins. 

This study (6) indicates that sexual 
behavior is differentially affected by 
small lesions in discrete hypothalamic 
regions; some lesions augment sexual ac- 
tivity. Moreover, the effect is not wholly 
hormonal; central nenral mechanisms are 
immediately involved. 

Forty-five female rats surviving all op- 
erative procedures were divided among 
two major groups, spayed and non- 
spayed. Each group consisted of four 
subgroups: animals with lesions in the 
anterior, central, and posterior hypo- 
thalamus (designated “operated” sub- 
groups), and animals without lesions. 
Lesions were stereotactically placed 1 
mm lateral to the midline and 1 mm 
dorsal to the ventral surface of the brain, 
and at Krieg coordinates 58 and 59 (an- 
terior), 56 and 57 (central), and 54 and 
55 (posterior). Direct current of 1.5 to 
2.0 ma, lasting for 10 to 15 seconds, was 
used to make the lesions. Locations of 
lesions were subsequently verified histo- 
logically. 

Estrus was induced in the spayed rats 
once weekly for 3 weeks by treatment 
with diethylstilbestrol and progesterone 
in sequence (7). 

Females were tested for mating re- 
sponses with male rats preselected as 
vigorous maters. Tests were conducted 
daily for 10 minutes for each female. 
Tests eliciting no male response were re- 
peated the same day with another test 
male. All tests were conducted in trans- 
parent cages, which served as the male’s 
home cage. 

Female mating behavior was defined 
in terms of the characteristic stereotyped 
lordosis response, a concave arching of 
the back upon approach and mounting 
by the male. Lordosis frequencies were 
tallied and appear as “responses” in 
Table !. 

Daily vaginal smears were taken. 
Smears were dichotomized into diestrus 
(leukocytes only) and estrus (presence 
of ‘epithelial cells). This unconventional, 
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Table 1. Comparison of vaginal smear and 


mating behavior of spayed and nonspayed, 


operated, and unoperated female rats. A.H.L., anterior hypothalamic lesions; C.H.L., 
central hypothalamic lesions; P.H.L., posterior hypothalamic lesions. 





(10) 


(1) (2) (3) (4) (5) (6) (7) (8) (9) 
Total Me Mean Mean M Mean Mean 
I N pean gy days No. re- responses a _— days No. re- responses 
oe as sani di 4yS mating, sponding in ed mating, sponding in 
— 1estUs diestrus diestrus —— estrus estrus 
Spayed 
Control 8 195 1 8 
Mean 1.4 0.25 1.0 20.0 9.7 7.8 
Range 20-29 2-9 0-2 0-8 16-23 3-13 1.6-15.3 
A.H.L. t 48 1 4 
Mean 2.8 0.25 2.0 9.3 1.5 27.3 
Range 8-14 24 0-1 0-8 6-12 1-3 21-41 
C.H.L. 3 40) 1 0 
Mean 3.2 0.33 5.6 9.3 0 0.0 
Range 12-14 3-6 0-1 0-17 7-11 0 0 
P.H.L. 2 28 2 2 
Mean 4.5 1.5 21.5 9.5 1.5 19.0 
Range 14-14 6-9 1-2 11—32 8-11 1--2 16-22 
Normal 
Control 10 139 9 
Mean 6.4 0.1 0.7 7.9 1.6 12.3 
Range 9-18 1-11 0-1 0-7 5-12 0-3 0-24.5 
A.H.L. 5 105 5 5 
Mean 13.4 1.2 12.8 7.6 1.2 12.5 
Range 21-21 11-16 1-2 1—24 9-10 1-2 3-21 
C.H.L. 6 125 1 0 
Mean 10.8 0.17 4.1 10.0 0 0.0 
Range 20-21 0-18 0-1 0-25 3-21 0 0 
PEE. <4 96 3 4 
Mean 14.8 3.3 14.5 oS 4 14.7 
Range 21-25. 10-19 0-5 0-23 6-15 1-9 4-21.5 
but conservative, classification was sponse frequency for each of these cases 


adopted to reduce ambiguity in inter- 
pretation of vaginal stages. 

There was a tendency for spayed, hor- 
mone-treated animals without lesions to 
spend less time in diestrus (column 3). 
They resembled the normal control ani- 
mals, however, in failing to mate appre- 
ciably during diestrus (column 5). Be- 
cause the spayed animals spent more 
time in estrus, they also mated more fre- 
quently during estrus, but average re- 
sponses per test (column 10) were less 
for the spayed than for the normal ani- 
mals. All spayed subgroups had a greater 
percentage of days in estrus than their 
nonspayed counterparts, because of the 
exogenous hormones. 

Although central hypothalamic lesions 
in the region of the posterior border of 
the optic chiasm diminished or abolished 
the female mating response in both 
groups, there was no marked tendency 
to produce constant vaginal cornification 
(“estrus”), as was found in other studies 
(2, 4). Of the nine animals with central 
hypothalamic only two 
mated, Both of these responses occurred 
while the animals were clearly in a di- 
estrus vaginal condition. The mean re- 


lesions, ever 


26 DECEMBER 1958 


was higher than it was for the unoper- 
ated animals in diestrus but lower than 
it was for the unoperated animals in 
estrus. None of these nine animals ever 
mated in estrus. 

Posterior hypothalamic damage in the 
pre-mammillary region yields a very dif- 
ferent Five of the six animals 
with this lesion mated in diestrus. The 
average response frequency of animals 
in this condition exceeded that of the 
unoperated 


result. 


estrus, and 
equalled or excelled the rate for the same 
animals during estrus. All six animals 
mated at least once in estrus, and at a 
mean rate greater than the control rate. 

Anterior hypothalamic lesions in the 
preoptic area gave effects on mating be- 
havior similar to those of the P.H.L. 
group. The diestrus mating responses of 


animals in 


the spayed groups are the only exception. 
The figures for the latter animals resem- 
ble more the performance figures for un- 
operated Estrus mating for 
spayed and nonspayed animals with an- 


animals. 


terior hypothalamic lesions was normal 

or better. responses for 

spayed animals are augmented. 
The results indicate a more specific 


Diestrus non- 


localization of function within the hypo- 
thalamus than was previously suspected. 
The decrement in female mating in the 
group with central hypothalamic lesions 
suggests interference with a neural mech- 
anism necessary to sexual receptivity. 
That this effect is independent of hor- 
monal factors is clear from the data of 
the groups receiving exogenous hor- 
mones. The absence of persistent vaginal 
cornification in our study substantiates 
this view. Our lesions were considerably 
smaller than those used in most earlier 
studies. 

One possible explanation of the rela- 
tive independence of neural and _ hor- 
monal factors is that regions control- 
ling the endocrine cycle are too widely 
distributed to be entirely destroyed by 
small lesions, and thus surviving tissue 
can maintain the function. Disruption 
of any considerable part of the mecha- 
nism involved in the complex act of 
mating, however, may well abolish the 
capacity for the performance. Thus con- 
trol of the gonadotrophins may be topo- 
graphically more diffuse in the hypo- 
thalamus than the related control of 
sexual activity; or the latter may require 
greater integrity of the system. 

That there is a system in the female 
rat which opposes or inhibits receptivity 
is apparent from the data for animals 
with posterior hypothalamic lesions and 
probably from the data for animals with 
anterior hypothalamic lesions as well. 
These influences may well be related to 
others originating in more remote areas, 
as reported for the amygdala (8) and 
the cortex (9). 

Tuomas Law 

WatTER MEAGHER 
Mental Health Research Institute, 
University of Michigan, Ann Arbor 
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Meetings 
Chicago Academy of Sciences 


It is significant of the rapid growth of 
our country that the Chicago Academy 
of Sciences, at the time of its founding 
in 1857, should have been known as “the 
first museum of the West.” It is strange, 
indeed, to reflect that only 100 years ago 
Chicago was a sprawling pioneer com- 
munity and that the academy was the 
first scholarly institution on the scene. 
Washington’s Smithsonian had been 





founded only 11 years earlier, and 
through the years a traditional bond has 
existed between the two. Robert Kenni- 
cott, first director of the academy, was 
a young protégé of Spencer Fullerton 
Baird, assistant secretary of the Smith- 
sonian in those days. It was the young 
Kennicott whose scientific reports on 
Russian Alaska, as leader of the Over- 
land Telegraph Expedition, made the 
United States aware of the value of this 
vast territory. When the project to link 
Europe to North America via Bering 
Strait was terminated by the successful 
laying of the Atlantic cable, the scien- 
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tific results of the Kennicott expeditions 
were the only tangible results of the giant 
undertaking. But they influenced our 
Government to purchase Alaska. 

Early sites of the academy were twice 
destroyed by fire, the last time by the 
great Chicago fire of 1871. The present 
building in Lincoln Park was built in 
1893 at a cost of $100,000, through the 
generosity of Matthew Laflin, who con- 
tributed $75,000, and the commissioners 
of Lincoln Park, who contributed $25,- 
000. The academy has received major 
bequests from several others—$100,000 
from W. Moses Wilner, $140,225 from 
Melissa Dickinson, $150,000 from Albert 
Dickinson, and $26,843 from Elsie S. 
Sandquist. 

Founded for the “increase and diffu- 
sion of scientific knowledge,” the acad- 
emy has steadfastly pursued this goal. 
But science has its vogues, even as the 
world of fashion. In 1857 science was 
acquisitive. It was a time for discovery 
and classification of animals and plants, 
and in the early academy Transactions 
such work was published and broadcast to 
the scientific world. So, too, in its present 
Bulletin, Special Publications, and Nat- 
ural History Miscellanea, the academy 
has ranged the whole wide field of sci- 
ence to continue the “increase and dif- 
fusion” of such knowledge. In an old in- 
stitution like this you may read history 
off ne library shelves or herbarium 
sheets. Here is a copy of Dana’s System 
of Mineralogy, published in 1868; here 
a collection of plants made west of the 
100th meridian by Palmer and Wolf in 
1868. 

Now the vogue is changing. The need 
for taxonomy is still as acute as ever in 
entomology and invertebrate classifica- 
tion but less urgent for higher verte- 
brates. There is time to investigate the 
biological interrelationships of animals 
and plants in studies of ecology and 
parasitology. Joseph Camin, staff acar- 
ologist, has a three-year grant from the 
National Institutes of Health to study 
mite-borne diseases and the genetics of 
the ability of mites to transmit blood 
diseases of vertebrates. The academy di- 
rector concerns himself with bird physi- 
ology and the influence of the ice age on 
bird speciation and present migration 
routes. 

But the academy feels most strongly 
its responsibility to diffuse knowledge to 
the public. At a time when science edu- 
cation is actually unpopular in the 
schools and scientists are regarded vari- 
ously as unfeeling ascetics and dangerous 
crackpots, our role should be to correct 
misconceptions. Obviously, students come 
by such ideas via their teachers, and the 
need for good science teachers is there- 
fore as great as that for well-informed 
students. Badly needed, too, is a respect 
for scholarly accomplishment to replace 
the present passion for mediocrity among 
students and even professional men. To 
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Naturae (1758) and Spencer Fullerton Baird’s Mammals of North 
America (1858), this monumental work is a comprehensive manual 
on the 3,800 named kinds of North American mammals. Orders 
and sub-groups are arranged in evolutionary sequence, and a series 
of 500 maps shows the geographical distributions of mammals. | 
For each subspecies there is a citation to the original description, 
to the first usage of the current name-combination, to primary 
synonyms, and also a list of marginal record stations of occurrence. 
There are diagnoses for all taxonomic categories above subspecies, 
keys to species identifications, and concise statements on habits. An 
indispensable reference for zoologists, botanists, entomologists, epi- 
demiologists, parasitologists—all whose interests touch upon the 
native free-living mammals. 





——— ee Or wo Sa 






* 186 drawings of typical 








ap = Speed, versatility, and convenience in measuring 
rors Magesinary a > — S24 optical rotation, eliminating strenuous peering 
+ 16 paued «9 eclemae, KL Ae vik through an eyepiece with dark-adapted eyes. 
buckram bound; $35 ERD 
sii iiainasiiiiadl _ es Write For Bulletin +330 to: 
ustrated brochure ee ‘ 
een ce”. Mealy | PHOTOVOLT CORP. 


95 Madison Avenue «+ New York 16, N. Y. 








THE RONALD PRESS COMPANY = 15 East 26th St., New York 10 ALSO: pH Meters, Colorimeters, Fluorescence Meters, Densitomet a, 








| PORTABLE 
MEW as evaporator | FEATURES: 


@ Glass-to-glass connections through- 
out the evaporating system prevent 
any possibility of contamination. 
Distillation occurs only within 
glass. 


@ Balanced design permits smooth ro- 
tation without drag and larger out- 
put without loss of material. 


@ High torque, totally enclosed motor. 


@ Build it up with accessories for 
large scale work and temperature 
control. 





@ Grows with your requirements. 


For the evaporation of aqueous solu- e abel can be easily taken apart for 
tions, high boiling point solvents, strong acids, cleaning. 
alkalis, and radioactive materials without con- For specifications and details, 
taminating back-drip. 


request Bulletin FE-1000 





For Precision Instruments Laboratory Apparatus 


LABORATORY GLASS & INSTRUMENTS CORP. 








514 West 147th Street * New York 31, N. Y. 


Telephone: ADirondack 4-2626 





26 DECEMBER 1958 








this end we are making our museum ex- 
hibits attractive, explicit, and sharply 


focused. We are organizing amateur 
groups in geology, astronomy, zoology, 
and botany, with the volunteer help of 
qualified adults. We are making many 
short natural-history movies to be shown 
free of charge in our auditorium—films 
which may also be shown on television 
to reach mass audiences. 

The present officers of the Chicago 
Academy of Sciences, elected at the 101st 
annual meeting, which was held 16 Apr. 
1958, are as follows: President, Leslie B. 
Arey, professor of anatomy, Northwest- 
ern University Medical School; secre- 
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23-24. Reproductive Physiology and 
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(J. H. Leathem, Rutgers Univ., New 
Brunswick, N.J.) 

24-29. American Acad. of Orthopedic 
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Surgeons, Chicago, Ill. (C. L. Compere, 
720 N. Michigan Ave., Chicago, Ill.) 

26-29. American Meterological Soc., 
New York, N.Y. (K. C. Spengler, AMS, 
3 Joy St., Boston 8, Mass.) 

26-29. American Soc. of Heating and 
Air Conditioning Engineers, 65th annuai, 
Philadelphia, Pa. (W. M. Vidulich, 
ASHACE, 62 Worth St., New York 13.) 

26-29. Institute of the Aeronautical 
Sciences, 27th annual, New York, N.Y. 
(IAS, 2 E. 64 St., New York 21.) 

26-30. Writing and Publication in In- 
dustry, conf. and workshops, Brooklyn 1, 
N.Y. (T. L. Donahue, Writing and Publi- 
cation Conf., Polytechnic Inst. of Brook- 
lyn, 333 Jay St., Brooklyn 1.) 

27-30. Society of Plastics Engineers, 
Inc., 15th annual tech. conf., New York, 
N.Y. (L. A. Bernhard, SPE, 65 Prospect 
St., Stamford, Conn. ) 

28-29. Nuclear Fuel Elements, Ist 
intern. symp., New York, N.Y. (H. H. 
Hausner, Ist intern. Symp. on Nuclear 
Fuel Elements, 730 Fifth Ave., New York 
19.) 

28-31. American Physical Soc., annual, 
New York, N.Y. (E. R. Fitzgerald, Dept. 
of Physics, Pennsylvania State Univ., Uni- 
versity Park.) 

29-31. Western Soc. for Clinical Re- 
search, 12th annual, Carmel-by-the-Sea, 
Calif. (W. N. Valentine, Office of the 
Secretary, Univ. of California Medical 
Center, Department of Medicine, Los 
Angeles 24.) 


February 


1-6. American Inst. of Electrical En- 
gineers, winter general, New York, N.Y. 
(N. S. Hibshman, 33 W. 39 St., New 
York 18.) 

2-6. American Soc. for Testing Mate- 
rials (committee week), Pittsburgh, Pa. 
(ASTM, 1916 Race St., Philadelphia 3). 

3-5. Reinforced Plastics Conf., 14th, 
Chicago, Ill. (Society of Plastics Industry, 
Inc., 250 Park Ave., New York 17.) 

6-7. American College of Radiology, 
Chicago, Ill. (W. C. Stronach, 20 N. 
Wacker Dr., Chicago 6.) 

9-11. American Acad. of Allergy, Chi- 
cago, Ill. (B. Rose, Royal Victoria Hospi- 
tal, Montreal, P.Q., Canada. ) 

9-11, Nature of Coal, symp., Bihar, 
India. (Director, Central Fuel Research 
Inst., P. O. Fuel Research Inst., Dhanbad 
District, Bihar. ) 

11-13, American Acad. of Occupational 
Medicine, Boston, Mass. (L. Blaney, 1608 
Walnut St., Philadelphia, Pa. ) 

12-13. Solid State Circuits Conf., Phila- 
delphia, Pa. (A. B. Stern, General Electric 
Co., Bldg. 3, Syracuse, N.Y.) 

14. Short Range Navigation Aids, 
Montreal, Canada. (Intern. Civil Avia- 
tion Organization, Maison de l’aviation 
internationale, Montreal. ) 

15-19. American Inst. of Mining, Met- 
allurgical, and Petroleum Engineers, an- 
nual, San Francisco, Calif. (E. O. Kirk- 
endall, AIME, 29 W. 39 St., New York 
18.) 

16-19. Problems in Field Studies in 
Mental Disorders, intern. work conf., New 
York, N.Y. (J. Zubin, American Psycho- 
pathological Assoc., 722 W. 168 St., New 
York 32.) 


(See issue of 19 December for comprehensive list) 
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Equipment 


The information reported here is obtained from 
manufacturers and from other sources considered 
to be reliable. Science does not assume responsibil- 
ity for the accuracy of the information. A coupon 
for use in making inquiries concerning the items 
listed appears on page 1634. 


™ FUNCTION GENERATOR employs conven- 
tional diode-breakpoint circuitry, but 
setup is accomplished by inserting a 
punched card into the front of the func- 
tion generator and closing an actuating 
door over the card. Twenty segments are 
provided. The breakpoints are set with 
respect to the forcing function by means 
of plug-in resistor assemblies. The slope 
of the curve at a particular breakpoint 
is adjusted by the binary-coded informa- 
tion punched into the card. Repeatabil- 
ity of settings is°+0.02 percent. (Mid 
Century Instrument Corp., Dept. 534) 


™ ELECTRONIC SWITCH accepts four inde- 
pendent signals and sequentially converts 
them to a single input to an oscilloscope. 
Switching rate is 500 kcy/sec, permitting 
2 usec per switch position. The unit con- 
sists of a free-running oscillator, an elec- 
tronic counter, a diode gating matrix, 
and level-mixing cathode 
(Newton Co., Dept. 544) 


followers. 


@ PRESSURE TRANSDUCERS of the dia- 
phragm-variable reluctance type are of- 
fered with pressure ranges from 0 to 5 
through 0 to 3000 Ib/in.? and from + 2 
through +300 Ib/in.?. Sensitivity to 
shock and vibration is 0.001 to 0.03 per- 
cent/grav. Rise time is 75 to 150 usec. 
(Ultradyne Inc., Dept. 545) 

® RECORDER AMPLIFIER is designed to 
drive high-frequency galvanometers. The 
unit is a dual-channel, chopper-stabilized 
amplifier and is capable of delivering up 
to 200 ma at 0 to +10 v d-c or a-c 
(peak) in each channel. Gain is adjust- 
able from 0.1 to 2.0 (Data Control Sys- 
tems Inc., Dept. 546) 


® SCINTILLATION WELL COUNTER provides 
2 in. of lead shielding in a sectionalized 
unit 7 in. in diameter by 12% in. high. 
The scintillation probe is equipped with 


a 2- by 2-in. Nal crystal and has a well - 


for samples 1 in. in diameter. Removal 
of the shield plug elevates the probe 
unit to the top of the shield for sample 
changing. (Nuclear-Electronics Corp., 
Dept. 548) 


+ RADIATION DETECTOR combines a gamma 
radiation detector with a transistorized 
radio for civil defense applications. 
Range of detection is background to 100 
r/hr. An ionization chamber is used as 
the detector. Power is provided by a mer- 
cury battery. Indication is provided by 
a logarithmic-scale meter. (Riggs Nu- 
cleonics Corp., Dept. 552) 





™ FLOWMETERS of turbine type measure 
gas flow from 0.03 to 30,000 ft?/min. 
Each model of the series measures over 
a 10-to-1 range. Accuracy is + 0.5 percent 
of reading. The smaller meters in the 
series use magnets imbedded in the spin- 
ning rotor to induce pulses in an exter- 
nal pick-up coil. Larger sizes use reluct- 
ance-type pick-ups. In either type the 
output drives totalizers, counters, rate 
indicators, recorders, and control devices. 
(Potter Aeronautical Corp., Dept. 554) 


™ CHROMATOGRAPH CONVERSION KIT per- 
mits existing chromatographic instru- 
men‘s to be used in catalytic-combustion 
detection. The kit consists of a detector 
assembly, a bridge circuit, and a power 
supply. The detector assembly contains 
two catalytic combustion cells, one a ref- 
erence cell. The cell block is made of 
stainless steel. All ports are 1-in. pipe 
tap. Output from the bridge is suitable 
for input to standard potentiometer- 
type recorders with 5- to 10-mm range 
and 1- to 2.5-sec full-scale speed. (Davis 
Emergency Equipment Co. and Green- 
brier Instruments, Dept. 560) 


™ PHOTOMETER is direct reading in den- 
sity from 0 to 4. Accuracy is + 0.02 den- 
sity units over the entire range. The mul- 
tiplier-phototube probe of the instrument 
is designed for use as a hand-held detec- 
tor. Two attachments, a reflection head 
and a transmission attachment, are avail- 
able. (Macbeth Corporation, Dept. 551) 


™CONTROLLED-AIR SOURCE provides air 
flows from 1 to 18 ft?/min over a range 
of pressures from near vacuum to 20 
lb/in?. Wet-bulb temperatures ranging 
from 0° to 100°F and dry-bulb tempera- 
tures from 0° to 150° are controlled to 
+1°F, Operation is on 115 v a-c. (Mira 
Corporation, Dept. 553) 


ENVIRONMENTAL TEST CHAMBER per- 
mits testing in the temperature range 
— 100° to + 800°F. Temperature control 
is accurate within + 2°F. Interior work- 
ing dimensions are 18 by 18 by 18 in. In- 
sulation is 7-in. thick Fiberglas. A mul- 
tipane window is optional. (Associated 
Testing Laboratories, Dept. 556) 


™ FLAW DETECTOR locates defects in con- 
ductive materials. The instrument con- 
sists of an indicating unit, and an inspec- 
tion probe. The latter is part of an anti- 
resonant bridge. As the probe passes over 
a crack or metallurgical difference, an 
unbalance occurs which is indicated by 
deflection of a meter. Compensation is 
provided to permit testing of semirough 
surfaces so that oxide layers or pits up 
to a thickness of 0.02 in. will not affect 
accuracy. (Magnaflux Corporation, Dept. 
558) 

JosHua STERN 
National Bureau of Standards 
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PERSONNEL PLACEMENT—— i 








CLASSIFIED: 25¢ per word, minimum 
charge $4.25. Use of Box Number 
counts as 10 additional words. Pay- 
ment in advance is required. 

COPY for classified ads must reach 
SCIENCE 2 weeks before date of issue 
(Friday of every week). 

DISPLAY: Rates listed below—no charge 
for Box number. Monthly invoices will 
be sent on a charge account basis — 
provided that satisfactory credit is 
established. 


Single insertion 
13 times in 1 year 
26 times in 1 year 23.00 per inch 
52 times in 1 year 22.00 per inch 


For PROOFS on display ads, copy must 
reach SC CE 4 weeks before date 
of issue (Friday of every week). 


Replies to blind ads should be addressed 
as follows: 
Box (give number) 
Science 
1515 Massachusetts Ave., NW 
Washington 5, D.C. 


$26.00 per inch 
24.00 per inch 

















HI POSLTLONS OPEN |i 


(a) Biophysicist; Ph.D. trained physics, biology, 
interested independent research as part of re- 
search section, outstanding midwestern clinic, 
research foundation; might consider individual 
trained physical chemistry or electron microscopy 
if also qualified physics and biology; excellent 
opportunity long-range research projects. (b) 
Bacteriologist; M.S., Ph.D. experienced hospital 
bacteriology to head department, busy laboratory 
500-bed general hospital; large southern city. 
(c) Biochemist; M.S., Ph.D. trained new steroid 
assay techniques, to head endocrine laboratory ; 
large new university hospital; to $7000; South. 
(d) Biochemist; recent Ph.D. able direct staff 
30 to 35 in busy laboratory, 400-bed general 
hospital; research experience hormone analysis, 
chromatography, electrophoresis; $10,000; Cali- 
fornia. oodward Medical Bureau, Ann Wood- 
ward Director, 185 North Wabash, Chicago. X 








(a) Medical Director; duties consist of directing 
clinical investigations relating to product de- 
velopment; preferably physician, with several 
years’ experience in the pharmaceutical field; 
Chicago; $18,000. (b) Chemist; supervisory 
position in chemistry section of research depart- 
ment, large industrial company; college town, 
Pennsylvania; Ph.D. preferred. (c) Ph.D.’s in 
biochemistry and pharmacology to work in divi- 
sions of biochemistry, physiology and pharma- 
cology as second man; administrative experience 
required; $14,000; East. (d) Physician to serve 
as director of research, rehabihtation program 
of well-known foundation; New England. 
$12-4 Medical Bureau, Burneice Larson, Di- 
rector, 900 North Michigan, Chicago. xX 





Microbiologist-Antibiotics. Eastern pharmaceu- 
tical firm has opening for able Ph.D. with labo- 
ratory fermentation experience in antibiotic field. 
Please send résumé of academic training and ex- 
perience. Box 251, SCIENCE. 12/26; 1/2 


(ME SCHHOLAReanes iil 


McMASTER UNIVERSITY 
GRADUATE SCHOLARSHIPS IN 
BIOLOGY 








Applications are iny.ted for graduate research 
scholarships from qualified students wishing to 
work toward the M.Sc. and Ph.D. degrees. The 
stipend for a 12-month period is from $1700 to 
$2200, Research in progress: Ecology, behavior, 
and nutritional physiology of aquatic and blood- 
sucking Diptera, emphasizing Simuliids; popu- 
lation dynamics of grasshoppers (D. M. Davies). 
Sensory physiology and behavior in fish; forma- 
tion of lake bottom sediments (H. Kleerekoper). 
Viruses in wild plants; cytological studies (W. 
D. MacClement). Physiology of sporulation in 
Ascomycetes; physiology and genetics of yeast 
(J. J. Miller). Radiobiology and radiation pro- 
tection; inhalation radiocardiography; cancer 
transplantation and irradiation; experimental 
diabetes and beta-cell regeneration; tritium auto- 
radiography F. Nace), Experimental em- 
bryogeny; organic terrain organization; palaeo- 
botany and developmental morphology; applied 
palaeobotany and palynology (N. Ww. Radforth). 

Prospective applicants should write for fur- 
ther information to Professor H. Kleerekoper, 
Chairman, Department of Biology, Hamilton 
College, McMaster University, Hamilton, On- 
tario, Canada. Application forms both for schol- 
arships and graduate study are obtainable from 
the Dean of Graduate Studies and must be -re- 
turned to him normally by 1 March 1959, accom- 
panied by university transcript and letters of 
recommendation from two professors. 12/26; 1/2 
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ill POSITIONS OPEN |i 


Immunochemist, or Biochemist interested in field 
of infectious diseases. Activities include studies 
on immune mechanisms and on the biochemistry 
of virus infections. Full-time research position. 
Salary open; minimal $8000. Apply H. A. Wen- 
ner, M.D., Section for Virus Research, Univer- 
sity of Kansas School of Medicine, Kansas City, 
Kansas. / 








SCIENCE TEACHERS, LIBRARIANS, AD- 
MINISTRATORS urgently needed for posi- 
tions in many states and foreign iands. Monthly 
non-fee placement journal since 1952 gives com- 
plete job data, salaries. Members’ qualifications 
and vacancies listed free. 1 issue, $1.00. Yearly 
(12 issues) membership, $5.00. CRUSADE, 
SCI.. Box 99, Station G, Brooklyn 22, N.Y. ew 





iil POSITIONS OPEN i 


NEW WORLD-WIDE SUMMER PLACE- 
MENT DIRECTORY, over 12,000 fascinating 
opportunities in all states, many foreign coun- 
tries. Complete verified information including 
salaries. Send $3.00 now. CRUSADE, Sci., 
Box 99, Station G, Brooklyn 22, N. Y. eow 


lili POSITIONS WANTED jill 











Biochemist, Ph.D.; 12 years’ experience in 
pharmaceutical industry ; 4 years, research chem- 
ist and group leader; 8 years, director of re- 
search. Medical Bureau, Burneice Larson, Di- 
rector, 900 North Michigan, Chicago. XxX 
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Information Requisition 


26 December 1958 


It's simple: Mark—Clip—Fold—Mail—No stamp required 


This coupon is for your convenience—to facilitate your requests for further 
information about advertised products and items in Equipment. 


ZON6 ... ere ee 


(Please print or type) 


Mark, clip coupon—FOLD HERE along this line—mail 


No 
Postage Stamp 
Necessary 
If Mailed in the 
United States 








BUSINESS REPLY CARD 
First Class Permit #12711 New York, N.Y. 








Room 740 


Kecaabeins » 


ervice 


To: SCIENCE MAGAZINE 


11 West 42 Street 
New York 36, New York 


Fasten Here Only 
Staple, Tape, Glue 











||| POSITIONS OPEN 


\!|\|\\|| POSITIONS OPEN 














MICROBIOLOGISTS 


Challenging positions in the Northeast 
and Midwest for microbiologists at all 
degree levels. Applicants should have 2 
to 10 years of experience in fermenta- 
tion research or production. Please reply 
to: 


BOX 254, SCIENCE 








Readers S. 
ae ~JeEVrutice 


LOBUND INSTITUTE 
University of Notre Dame 


Letters of application are invited for positions 
cn long range research projects at Lobund. Re- 
search laboratories within the Institute, which 
conducts a variety of programs with germ-free 
animals, include bacteriology, biochemistry, se- 
rology, physiology, virology, oncology, and im- 
munology. Opportunities are available immedi- 
ately due to expanding operations on three levels: 


Research Technician 
Senior Technician 
Junior Technician 


Positions require a wide range of qualifications 
from M.S. in bacteriology or biochemistry 
through B.S. to college training with experience 
in laboratory procedures. Direct inquiries to 
Personnel Director, University of Notre Dame, 
Notre Dame, Indiana. 1/2 


26 December 1958 


Information Requisition 


Use this easy self-mailer to obtain further information about 


items or literature from the Equipment section as well as from 


advertised products. 


EQUIPMENT 


Circle below desired number corresponding to: 


534 544 545 546 
556 558 560 


ADVERTISERS IN THIS ISSUE 


in list below, check page number of advertiser from whom you would like 
more information. If more than one item appears in ad, letters (A, B, C) are 
used to indicate particular items available in order of appearance in advertise- 
ment. Where more than one ad appears on page, ‘‘U” indicates upper ad, “‘L’’ 
lower ad, ‘‘I’’ inside ad, ‘‘M’”’ middle ad, and ‘‘O”’ outside ad. Advertisements 
in Personnel Placement and Market Place are not keyed. A multiplicity of 
items is indicated by *. Readers are requested to specify on this coupon the 
particular item in which they are interested; otherwise, the request cannot 


be processed. 


548 551 553 554 
a 


O 1594 0 1595 0 1596 0 1628,A 0 1628, B 
0D 1628, C — 1629, Ul 0 1629, UO [ 1629,L C—O 1630* 
0 1631, Ul 2 1631, UO* (1631, LI 0 1631,L0 [ 1632, UO 
0 1632,LO [1635 C1636 
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MEVALONIC ACID C'4 








The Market Place 


BOOKS + SERVICES + SUPPLIES » EQUIPMENT 





DISPLAY: Rates listed below—no charge 
for Box number. Monthly invoices will 
be sent on a charge account basis — 
provided that satisfactory credit is 
established. 

Single insertion $26.00 per inch 
13 times in 1 year 24.00 per inch 
26 times in 1 year 23.00 per inch 
52 times in 1 year 22.00 per inch 

For PROOFS on display ads, copy must 
reach SCIENCE 4 weeks before date 
of issue (Friday of every week). 














BOOKS AND MAGAZINES 





Your sets and files of 
scientific journals 


are needed by our library and institutional cus- 
tomers. Please send us lists and description of 
periodical files you are willing to sell at high mar- 
ket prices. Write Dept. A3S, CANNER’S, Inc. 

Boston 20, Massachusetts 
il 


SUPPLIES AND EQUIPMENT ||| 

















Sprague-Dawley, Inc. 
Pioneers in the development of the 
standard laboratory rat. 
Sprague-Dawley, Inc. 


P.O. Box 2071, Madison 5, Wisconsin 
Phone: CEdar 3-5318 


























e HYPOPHYSECTOMIZED RATS 


—- to all points via Air Express 

or further information write 
HORMONE ASSAY LABORATORIES, Inc. 

8159 South Spaulding Ave., Chicago 29, Ill. 








Half Gram to Kilogram Quantities 
Fatty Acids 
Methyl Esters 
n-Alcohols 
C6 through C18 
99.8+ % Pure 
Suitable as 


Chromatography Standards 


Applied Science Laboratories, Inc. 
140 N. Barnard St., State College, Pa. 
AD 8-6282 











° >k w or THE ian 
albino rats . 
Pitta of | £ 
"PWister Strelas 


* 
Hypophysectomized 
Rats 





e 
HENRY L. FOSTER, D.V.M. 
President and Director 


THE CHARLES RIVER BREEDING LABS. 
Dept. B, Wilmington, Mass. 
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THE SARGENT 


LABORATORY 
RECORDER 


( Patents Pending) 


An automatic, self-balancing potentiometric recorder 
which measures voltages or current and graphically records 
these variables as a function of time. 
































Designed and Manufactured by 
E. H. SARGENT & CO. 


Style: Vertical strip chart recorder, designed for labora- 
tory bench operation. Assembly of three individual, sep- 
arable, and self contained units; viz., control panel assem- 
bly, amplifier and power supply chassis, and chart and pen 
drive chassis unit. 

Automatic null balancing potentiometric system with 
standard cell standardization by panel control, conven- 
tional chopper-amplifier method with special Sargent high 
gain amplifier and high stability Sargent bridge power sup- 
ply using combined or alternate dry cells and mercury cells. 
Use of the latter obviates need for standardization over very 
long periods. 


Ranges: Multiple full scale ranges selected by panel range 
switch as follows: 1.25, 2.5, 5, 12.5, 25, 50, 125, 250, 500, 
1250, 2500. All ranges are made direct reading as full scale 
deflection in millivolts, milliamperes, or microamperes by 
use of an associated units selector switch. All 33 scales pro- 
vide true potentiometric measurement. An additional series 
of the same eleven ranges in terms of volts is provided by an 
additional selector switch position, this series using a divider 
input with an impedance of one megohm. 

True potentiometric measurements are thus provided to 
a maximum of 2.5 volts, higher voltages only being 
measured through a divider. 
Accuracy: 0.1% or 20 microvolts, whichever is greater. 
Chart: Width, 250 mm; length, 120 feet. Ruling rational 
with all ranges on a decimal basis. Indexed for reference. 
Graduated steel scale provides for any necessary correc- 
tion of calibration. Two-position writing plate, 15° or 
40° from vertical. 
Chart Drive: Forward drive recording, reverse drive re- 


® MULTI-RANGE—40 ranges. 
©@ MULTI-SPEED—9 standard chart speeds with 


provision for optional 1-5 range multiplication 
or 5-1 range reduction. 


@ VOLTAGE OR CURRENT RECORDING—for 


measurement of voltage or current or any 
other variable which can be translated to 
voltage or current signals. 


@ FLEXIBILITY OF APPLICATION 
@ DESIGNED FOR BENCH OPERATION 






cording, magnetic brake eliminating coasting when stopped 
and free clutch position with separate provision for rapid 
non-synchronous drive. 

Recording speeds of 4, %, 1, 1%, 2, 2%, 4, 8, and 12 
inches per minute, selected by interchange of two gears on 
end of chassis. 

Free clutch or neutral drive at the rate of approxi- 
mately 20 feet per minute in either direction for rapid 
scanning of recorded information, chart reroll, or chart 
positioning. 

Recording either by automatic take-up on roll or with 
free end chart and tear off. 

Synchronous switching outlet for automatic synchro- 
nization of external devices with recording. 


Pen Speed: 1 second full scale. Other speeds can be 
provided on special order with change of motors. 


Bridge: Special Sargent specification. Provision for coupled 
transmitting potentiometer for output to integrating cir- 
cuits, etc. 


Damping: Dynamics controlled with single panel knob 
adjustment of amplifier gain. 

Dimensions: Width, 2114 inches; depth, 13 inches; height, 
24 inches; weight, about 75 pounds. 

S-72150 RECORDER — Potentiometric, Sargent Com- 
plete with two S-72165 chart rolls; two each S-72175 
pens; red, blue and green; one S-72176 wet ink pen, input 
cable assembly; synchronous switch cable assembly; plastic 
dust cover; spare ring for take-up mechanism; spare pen 
drive cable assembly; and fuses. For operation from 115 
volt, A.C, single phase, 60 cycle circuits......... $1725.00 


SAI 2 S E N : SCIENTIFIC LABORATORY INSTRUMENTS © APPARATUS © SUPPLIES © CHEMICALS 


E. oH. SARGENT & COMPANY, 4647 W. FOSTER, CHICAGO 30, ILLINOIS 


DETROIT 4, MICH. ¢ DALLAS 35, TEXAS « BIRMINGHAM 4, ALA. ¢ SPRINGFIELD, N. J. 





RADIOACTIVITY 
DETECTION. 
INSTRUMENTS — 





Tri-Carh* Liquid 
Scintillation Spectrometers 


Tri-Carb Spectrometers are designed for counting 
tritium, carbon-14 and other beta-emitting isotopes. 
Up to 100 5-dram sample vials can be counted at each 
loading. 

Tri-Carb Spectrometers are also available with man- 
ual sample chambers. Both automatic and manual 
models offer all the advantages of liquid scintillation 
counting—sensitivity, versatility, operational simplic- 
ity and ease of sample preparation. 





Auto-Gamma* 
Sample Changers 


Auto-Gamma Sample Changers are designed for use 
with standard well-type scintillation detectors. Up 
to 100 test tubes (16 mm x 150 mm) can be counted 
at each loading. 

Auto-Gamma Sample Changers are available for 
many different systems. They can be provided as com- 
plete units with either large or small sodium iodide 
crystals. They can also be used with scintillation 
spectrometers and simple scaler systems. 


Automatic Tri-Carb Spectrometers and Auto-Gamma Sample Changers can be operated 24 hours per day, seven 
days per week. Operation is on the basis of both preset time and preset count. Counting is stopped by whichever 
is reached first. Sample number, time interval and scaler readings are permanently recorded on paper tape. 
Scaler and readout circuits, similar in both instruments, are completely transistorized for utmost reliability. 


REQUEST LATEST BULLETINS 





WINDOWLESS and FLO-WINDOW* COUNTERS 


... for geiger and proportional operation 


fm, Windowless Flow Counters provide maximum sensitivity and essentially 
ime unlimited life. Full 27 geometry is achieved. 
Flo-Window Counters feature thin plastic windows for minimum 
absorption. Counting chambers are isolated from the samples so that 
static charge, vapor effect, contamination, etc. are eliminated. 


Completely Transistorized Proportional Counting Amplifiers 


These non-overloading amplifiers are designed for use with proportional 
counters. They provide a gain of 1100 and are small enough to be con- 
veniently located with the detectors, thus eliminating preamplifiers. 


* Trademarks 


DEPT. A 
SAN FRANCISCO 


PO. BOX 428 ° 


LA GRANGE, ILLINOIS 


CHICAGO NEW YORK 








